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Chapter-1 
INTRODUCTION 
Plants are nature's invaluable gift to mankind and provide a healthy 
environment and strong economic base. They are not only of ecological importance 
but also provide aesthetic comfort. According to Lester Brown, Earth Policy Institute, 
Washington, the growth of the world population at the rate of 78 million people a year 
would need 640 square miles of farmland for their food, shelter & clothing needs. 
The diversity and extent of forest is declining. A fast developing industrial 
sector is neither available nor affordable for this large section of the population. To 
resolve the food security problem for the population of 9-billion in coming 50 years, it 
has been realized that agricultural research and genetic modification could provide the 
key to that situation (Pereire 2008). 
India is a rich source of plant diversity and occupies a place in the 12-mega 
biodiversity countries in the world with 4'*' rank in Asia. From 70% of the total 
geographical areas surveyed, India represent about 12% of the world's recorded flora 
with 49,000 plant species having 20,000 species of higher plants, one third of it being 
endemic and 1000 species are categorized to have medicinal value (Singh et al. 2003; 
Krishna et al. 2011). The rich biodiversity in India has given shape to variety of 
cultural and ethnic diversity which include over 563 tribal communities of 227 ethnic 
groups over 5,000 forest villages. The villagers and tribal folks make use of more than 
7000 plant species through oral traditions (Singh et al. 2010). 
Plants, particularly forest species are essential and play a key role in the lives 
of living beings by supporting from micro to macro levels and maintain a diversified 
group of organisms belonging to flora and fauna. Because of the bulk of biodiversity, 
forest vegetation is very important to the world economy for maintaining and 
preserving ecosystem and the major concern for conservation (Kala 2005). 
Among different tree groups such as industrial, timber, agro forestry, social 
forestry and fast growing multipurpose trees, the multipurpose forest trees on account 
of their multiple-output value are receiving firm attention among researchers, 
foresters and planners (Dhar et al. 2002). Also, disease and pest resistant trees have 
been deployed in plantations in many of the developed nations where genetic 
improvement programmes have been initiated (Muralidharan and Kallarackal 2004). 
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The economic and ecological benefits of planted multipurpose forests trees have led 
to their widespread adoption throughout the world. 
In India approximately 260 multipurpose tree species have been reported in 
which woody trees occupies an important place. They are especially valuable and tend 
to benefit other forms of life by boosting fertility, moderating harsh conditions and are 
a rich source of wood, paper pulp and animal fodder in many locations around the 
world, they can be integrated into an agro forestry system to restore nutrient c> cling 
and fertility self-reliance (Sprent and Parsons 2000). 
In recent years, the diversity of the multipurpose woody species is decreasing 
at an unprecedented rate resulting in an association decline in ecosystem services due 
to forest fi-agmentation, overexploitation, pollution, war, habitat destruction and 
degradation by physical and chemical means which are causing significant and often 
irreversible loss of biodiversity (Hegazy 1999). These biodiversity losses not just 
cause the extinction of a single species, but rather the modification of entire 
ecosystems. Therefore, the convention on biological diversity mandates the 
preservation, exploration, and sustainable use of biodiversity and requires its 
protection at all levels from the genome to the ecosystem (Leveque and Mounolou 
2003). 
According to an estimation made recently, the current extent of world's 
plantation forest area is about 187 million hectares with the annual planting of 4.5 
million hectares (FRA 2001). Furthermore, for the production of large number of 
planting material, conventional approaches are exploited for propagation and 
improvement like propagation through seeds which yields a progeny of highly 
heterozygous plants, long gestation cycle, retainment of number of recessive 
detrimental alleles within populations, resulting in high genetic background (Giri et 
al. 2004). Similarly, cuttings, layering, grafting, budding etc. in tree propagation are 
less applicable methods because of the rooting difficulties. Also, these methods are 
long-term process to produce propagules of high quality and at times, not feasible for 
producing large number of tree planting material (Giri et al. 2004). 
As a better alternative, biotechnological tools can complement conventional 
methods and have paved the way for conserving our resources in a multifaceted 
manner. One of the most commercially exploited component of "plant 
biotechnology" is plant tissue culture in diverse group of plant species such as 
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ornamental, medicinal and forest tree species. Plant tissue culture techniques are 
particularly relevant for large scale propagation of individuals that are threatened. It 
reduces production costs and increases gains to the industry. They are also important 
for ecological advantages as in phytoremediation or in the establishment of artificial 
plantings in weed-infested site. Besides, the potential of plant tissue culture includes 
enhanced production of natural products, rapid clonal multiplication of genetic 
manipulation. It has created new opportunities in global trading for producer, farmers, 
nursery owners and rural people. 
]n last 20 years, plant tissue- culture and related biotechnology has attained 
great dimensions. The global biotechnology business is estimated to be around 150 
billion dollars. Moreover, tissue culture has a pivotal role in accelerating the rate of 
multiplication and proved commercial application in the development of a worldwide 
industry and produce more than 250 million plants yearly (Kane 2000). The Indian 
government has identified the importance of micropropagation of plants through 
tissue culture in the industrial act of 1951 which was made effective in 1991. Since 
then micropropagation industry has expanded exponentially from 5 million plants 
annual capacity in 1988 to 190 million in 1996. The facilities created are at par with 
best in leading countries like Netherland and USA. Currently, more than 50 units in 
the private sector and large number of universities and research institute in India are 
producing and supplying lakhs of economically important tree plants to farmers 
(Batra 2006). Consequently, tissue culture methods have become a more effective tool 
for both basic research and commercial practices for many tree species. 
The micropropagation of tree species is a challenging task, the tree especially 
in their adulthood are more recalcitrant to tissue culture technology. Further, poor 
growth, excessive phenolic exudations, heavy load of microbial contamination, basal 
contamination, basal callusing, vitrification, necrosis and difficulty in rooting etc. are 
some of the major constraints associated with the micropropagation of woody tree 
species (Harada and Murari 1996; Giri et al. 2004). Several strategies have been 
suggested to overcome these problems for successful in vitro propagation of woody 
tree species (Harada and Murai 1996; Giri et al. 2004). Selection of explants from the 
juvenile part of the tree, overcomes the problem of maturity. Browning of the medium 
can be prevented by the addition of antioxidants like PVP, ascorbic acid and citric 
acid etc. in the regeneration medium (Purohit et al. 2002). Surface disinfection by 
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70% alcohol, sodium hypochlorite and mercuric chloride is used for controlling 
microbial contaminations. Antibiotics and Silver nanoparticles are effective for the 
control of internal and external infections (Amiri et al. 2013). Further, manipulation in 
hormonal concentrations, pH and nutrients are proved to help in getting rid of the 
other major hurdles. Even with these obvious limitations, tissue culture has been 
successfully applied to a wide range of tree and its implication has been mentioned in 
some comprehensive reviews of Thorpe and Harry (1991), Harry and Thorpe (1994), 
McCown (2000), Giri et al. (2004), Yasodha et al. (2004), Hussain et al. (2007, 2008), 
Parveenetal. (2010). 
The present experimental work was undertaken with an aim to standardized 
and develop a precise protocol for in vitro propagation and conservation of Casuarina 
eqiiisetifolia L., an important economical and ecological tree species. 
1.1. Casuarina equisetifoUa L. 
1.1.1 Classification 
Kingdom - Plantae 
Division - Magnoliophyta 
Class- Magnoliopsida 
Order- Casuarinales 
Family- Casuarinaeae 
Genus- Casuarina 
Species- equisetifoUa 
1.1.2 Binomial name: Casuarina equisetifoUa (L.) 
1.1.3 Synonymous: Casuarina Utorea (L.) 
1.1.4 Common names: Australian pine, beach sheoak, common ironwood 
1.1.5 Habit: A perennial tree 
1.1.6 Habitat: It is an invasive tree native to South-east Asia, Australia and Southern 
Pacific islands. Its non-native range now extends to North and Central America, much 
of the Caribbean as well as islands in the northern Pacific and Indian Oceans 
(Wheeler et al. 2011). The farmers of Orissa, Andhra Pradesh, Kamataka and Tamil 
Nadu in southern part of India have identified a large scale cultivation of Casuarina in 
agro forestry and farm forestry (Rajendran et al. 2013). 
1.1.7 Botanical Description: C. equisetifolia can grow up to 40 m (131ft.) in height. 
The foliage is drab olive to green in colour and diffuse with wide-spaced branches 
(Woodaland and Geary 1985). Growth rates have been reported to be as rapid as 3m 
(10ft.) per year (Rogers 1982). The foliage occurs as branchlets that are selender and 
jointed, producing short segments or nodes. The segmented branchlets are angular 
with longitudinal ridges separated by furrows containing stomata. The branchlets 
fiarrows are usually filled with dense hairs. Branchlets diameter measures 0.5-0.7 mm. 
each segment maybe 5-8mm, and total branchlet length measures 10-25 cm long. The 
leaves are reduced to erect scale-like teeth (0.3-0.8 mm long) arranged in whorls at 
the apex of each joint. In C. equisetifolia, the leaf teeth 6-8 and usually become 
gradually whiter towards the tips and edges (Rogers 1992; Wilson 1997; Woodall and 
Geary 1998). 
Casuarina flowers are unisexual with male and female flowers that differ in 
appearance. Usually male and female flowers are found on different trees, but in some 
regions outside its natural range C. equisetifolia often bear its light brown 
inconspicuous male and female flowers on the same tree (Woodall and Geary 1985 
and Boland et al. 1996). Each male flower is bom in slender, cylindrical spikes at the 
twig tip, is subtended by 3or 4 bracts and consist of a single stamen. The staminate 
spike terminal is 0.6-2.5 cm long. The female flowers are located in axillary leaf 
clusters. The firiiting stage of the flowers or infructescence, is woody and cylindrical. 
Cones are slightly longer than wide, 9-11 by 12-24 mm, and sparsely pubescent 
(Wilson 1997). When the cones are fully ripe they change in colour fi-om grey green 
to reddish brov^^n. When fully mature the two bracteoles that form the individual fruit 
separate to release a single seed. The solitary seed is a samara, measures 6-8 mm long, 
is pale brown and posses a membraneous wing (Kondas 1983). C equisetifolia trees 
are capable of producing viable seeds at two years. A single Australian pine tree may 
produce thousands of seeds per year (Morton 1980; Elfers 1988). 
1.1.8 Chemical constituents: The plant is a source of biologically active compounds 
such as catechin, ellagic acid, gallic acid, quercetin and lupeol, which are 
antioxidants, coumaroyl triterpenes and d-gallocatechin (casuarin) are also present. 
The plant is also known to store tannins and proline (Ogunwande et al. 2011). 
1.1.9 Uses: 
1.1.9.1 Products 
Fuel'. The highly regarded wood ignites readily even when green, and ashes retain 
heat for long periods. It has been called 'the best firewood in the world' and also 
produces high-quality charcoal. Calorific value of the wood is 5000 kcal/kg and that 
of the charcoal exceeds 7000 kcal/kg (El-Lakany et al. 1991). It has been used for 
both domestic and industrial fiiel such as for railroad locomotives. In Asia, leaf litter 
from plantations is often removed to be used as fuel. 
Fibre: Indian researchers recommend the use of Casuarina-^\x\i^ for papermaking, 
although some long-fibered pulp such as bamboo is needed for blending in order to 
make paper on fast-running machines (Maheswari et al. 1979). 
Timber: C. equisetifolia yields a heavy hardwood with an air-density of 900-1000 
kg/m^. Heartwood is pale red, pale brown to dark red-brown, moderately to sharply 
differentiated fi^om the sapwood, which is yellowish or pale yellow brown with a pink 
tinge. Grain is straight, slightly interlocked or wavy; texture fine to moderately fine 
and even. Shrinkage is moderate to very high, and in the latter case the wood is 
difficult to season due to severe warping and checking. Wood is hard to very hard and 
strong. The heartwood is highly resistant to pressure treatment, but sapwood is 
amenable to such treatment. Heartwood is also resistant to dry-wood termites. On 
sawn timber, the rays are prominent on radial faces. Uses include house posts, rafters, 
electric poles, tool handles, oars, wagon wheels and mine props. 
Tannin or dyestuff: The bark contains 6-18% tannin and has been used extensively in 
Madagascar for tanning purposes. It penetrates the hide quickly and fiimishes 
swollen, pliant, soft leather of pale reddish-brown colour. 
Medicine: Root extracts are used for medical treatment of dysentery, diarrhoea and 
stomach-ache. In West Malaysia, a decoction of the twigs is used for treating swelling 
and the powdered bark is used for treating pimples on the face. Traditionally the 
decoction formulated from the tannin containing astringent bark of Casuarina used 
against tooth ache. Routine chewing of the root is also effective to maintain dental 
hygiene. Being a plant with anticariogenic properties, isolation of phytochemicals 
from C. equisetifolia can prove to be an effective alternative for the side effects 
causing antibiotic drug (Thompson et al. 2012). 
1.1.9.2 Services 
Erosion control: Since it is salt tolerant and grows in sand, C. equisetifolia is used to 
control erosion along coastlines, estuaries, riverbanks and waterways. In Sarawak, 
Indonesia the species is protected because of its importance in controlling coastal 
erosion. 
Shade or shelter: Many areas where the species naturally occurs are susceptible to 
fropical cyclones or typhoons, and its general tolerance to strong winds has 
encouraged its use in protective planting. The abundance of highly branched twigs 
absorbs wind energy amazingly well. In areas with hot, dry winds the tree protects 
crops and animals herds. In South China, an estimated 1 million hectares has been 
established in shelterbelts along the coastal dunes. 
Reclamation: Grows vigorously on barren, polluted sites and thrives in deep sandy 
soils. Colonizes sterile tin tailings. 
Nitrogen fixing: Casuarinas form symbiotic N-fixing associations with soil 
actinomycetes from the genus Frankia as well as ecto-, endo- and arbuscular mycorrhizal 
fungi (Wang and Qiu 2006). These symbiotic associations allow Casuarinas to fix 
nitrogen at rates similar to nodulated legumes (Zhong 1993). 
Soil improver: C. equisetifolia possesses proteoid roots and forms associations with 
vesicular arbuscular mycorrhizae (Diem et al. 2000). These roots appear to greatly 
increase the surface area for nutrient absorption. These associations help Casuarinas 
to occupy nitrogen-poor sites such as coastal dunes and disturbed areas. 
Ornamental: Grown as ornamental along streets and seashores. 
Boundary or barrier or support: It is remarkably suited for boundary planting as it 
does not intercept much of the incoming solar radiation and yields substantial 
quantities of green leaf manure on lopping besides other products. 
Intercropping: With high productivity and properties that enhance soil fertility, 
C.equisetifolia shows promise as an agro forestry species for arid and semi-arid areas. 
Experiments at Prabhunagar, India, showed Citrus trees grew larger under C. 
equisetifolia than in pure stands. 
1.1.10 Objectives 
The present study has been carried out to fulfil the following objectives; 
^ To establish the aseptic cultures from different somatic tissues. 
^ To study the effect of various cytokinins on shoots induction and multiplication. 
^ To evaluate the synergistic effect of cytokinin-auxin combinations on shoot 
induction. 
"^ To observe the effect of sub-culture passages on shoot proliferation efficiency. 
>^  To evaluate the optimal medium for in vitro rooting. 
v^  Hardening, acclimatization and field transfer of complete plantlets. 
^ To prepare synseeds using nodal segments and recovery of complete plantlets. 
^ Scanning electron microscopic (SEM) study of regenerated shoots at various 
stages. 
v^  To study different physiological and biochemical parameters during ex vitro 
establishment of in vitro raised plantlets. 
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REVIEW OF LITERATURE 
Plant biotechnology occupies a key role in second green revolution with emerging 
plant tissue culture technique as an important link between conservation and 
sustainable utilization of genetic diversity (Cruz-Cruz et al. 2013). Tissue culture has 
become a popular method for vegetative propagation of plants and is possible because 
of continuous efforts of many scientists since two decades. The recitation of plant 
tissue culture begins with the concept of cell theory given by Schleiden (1838) and 
Schwann (1839) that established the cell as a structural and fiinctional unit of living 
organism and implies that cells are autonomous. The concept was tested 
experimentally by Haberlandt after 130 years with exploiting the autonomous 
(totipotency) nature of plant cells and published first in 1902 with the title "Attempts 
to Culture Isolated Plant Cells", in which he pointed out the possibility of the culture 
of cells and tissues in vitro. He experimented with isolated mesophyll cells {Lamiiim 
purpureum and Eicchornia crassipes), epidermal cells (Ornithogalum) and hair cells 
(Pulmonaria) using Knop's nutrient solution, sucrose, aspargin and peptone. 
Although, Haberlandt was fiitile in getting the result but clearly established the 
concept of totipotency by predicting that one could successfiilly cultivate artificial 
embryos fi-om vegetative cells and the technique of cultivating isolated the plant cells 
in nutrient solution permits the investigation of important problems from a new 
experimental approach. Thus, Haberlandt is justifiably recognized as the father of 
plant tissue culture. 
The first successfiil experiment to obtain growth and cell division in plant cell 
cultures was conducted by White (1934) in isolated tomato roots on medium 
containing sucrose, mineral salts and yeast extract and by Gautheret (1934) in cambiai 
tissue of Acer pseudoplatanus. Ulmus campestre, Robinia pseudoacacia and Salix 
capraea using agar-solidified medium of root and cambiai tissue culture, which was 
fiirther explored by many workers. The recognition of the importance of vitamins in 
yeast extract and the auxin (lAA) allowed significant advances to be made in tissue 
culture investigations (Went 1926) and was applied by Gautheret (1939) for carrot 
propagation as the first plant tissue culture with unlimited growth. Simultaneously, 
White (1939) and Nobecourt (1939) also devised possibility of plant tissue cultivation 
for unlimited periods in Nicotiana hybrid and carrot tissue respectively. After 1940's 
the applicability of coconut water for the cultivation of young embryos (van Overbeek 
1941) and callus culture of numerous plant species including a variety of woody and 
herbaceous dicot and gymnosperm as well as crown gall tissues (Gautheret 1985; 
Nobecourt 1955) was also found effectual for the tissue culture revolution. 
The drastic increase in the in vitro cultivation of number of plant species was 
found by the availability of a cytokinin named as "kinetin" from DNA hydiolysate by 
Skoog (1955). He led to the recognition of the exogenous balance of auxin and kinetin 
(Kn) by supplying Kn in the tobacco callus culUire medium, which influenced the 
morphogenic fate of tobacco callus and devised that a relatively high level of auxin to 
Kn favoured rooting, the reverse led to shoot formation and intermediate level to the 
proliferation of callus or wound parenchyma tissue. A big accomplishment in the field 
of plant tissue culture was by the formation of bipolar somatic embryos for the first 
time in carrot tissues reported by Reinert (1959) in addition to the formation of 
unipolar shoot buds and roots. 
With the starting of mid-1960s, there was a dramatic increase in plant tissue 
culture application to various problems in basic biology, agriculture, horticulture and 
forestry throughout the 1970s and 1980s and was achievable because of the 
formulafion of MS medium by Murashige and Skoog in 1962. Through ufilizing MS 
medium, Guha and Maheshwari (1966) made first successful report of haploid plant 
production via culturing the anthers of Datura innoxia that opened the new area of 
androgenesis. 
During the 1990s, confinual expansion in the application of in vitro 
technologies to an increasing number of plant species was observed and successful 
cultures were achieved with all types of plant including cereals and grasses (Vasil and 
Vasil 1994), legumes (Davey et al. 1994), vegetable crops (Reynolds 1994), potato 
(Jones 1994 ) and other root and mber crops Krikorian 1994), temperate and tropical 
fiiiits (Zimmerman and Swartz 1994), plantation crops (Krikorian 1994 ) and 
ornamentals (Debergh 1994 ) which previously considered to be recalcitrant groups 
(Thorpe 2007). 
Plant tissue culture methods have also been applied for efficient 
morphogenetic studies in various forest trees as reviewed by Bonga (1982), Thorpe et 
al. (1990), Pijut et al. (2012), Anis et al. (2012) and Kataria et al. (2013) etc. hi fact, 
tree tissue culture was started dates back to 1934 when Gautheret first reported callus 
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induction from cambial tissues of several woody species. While the first complete 
plantlet from tissue culture of free living angiosperm tree species was reported several 
years later by Winton (1968) from leaf explants of black cotton wood {Populus 
trichocarpa) and by Wolter (1968) for Populus tremuloides. Since then numerous 
regeneration systems have been attempted in woody tree propagation by several 
authors (Altman 2003; Giri et al. 2004; Diego et al. 2010; Kesari et al. 2012). 
The tissue culture of perennial and woody species, being difficult to yield 
quick results because of their inherent slow-growing nature. But of late, the accent has 
shifted to a good extent to regenerate trees which used to pose insurmountable 
challenges in conventional practices of propagation. Clonal forestry has enabled rapid 
genetic gain, thus opening up the possibility for domestication and massive 
proliferation of elite individuals within a relatively short time (Campbell et al. 2003; 
Merkle and Nairn 2005). Micropropagation of forest trees is not only a means for 
mass scale propagation of superior clones of tree species but it can be used for 
developing transgenic plants and conservation of germplasm through 
cryopreservation. Micropropagation has been used in breeding programs of the most 
important tropical forest genera, such as Eucalyptus (Pinto et al. 2002; Ruiz et al. 
2005), Tectona (Hansen and Pal 2003), Cedrela (Nunes et al. 2002; Pena-Ramirez et 
al. 2010), Acacia (Vengadesan et al. 2002), Gmelina (Naik et al. 2003), Azadirachta 
(Quraishi et al. 2004; Morimoto et al. 2006), Buchanania (Sharma et al. 2005), 
Simmondsia (Bashir et al. 2007), Pterocarpus (Husain et al. 2010) and Tabebuia 
donnell-smithii rose (Gonzalez-Rodriguez et al. 2010). 
2.1 Micropropagation 
Schaeffer (1990) defined micropropagation as the in vitro clonal propagation of plants 
from shoot tips or nodal explants, usually with an accelerated proliferation of shoots 
during subcultures. Micropropagation is usually described as having the following 
five distinct stages: 
> Stage "0": Pre-preparation of m situ donor material. 
> Stage " I " : Initiation (including surface sterilization) of explants. 
> Stage "II": Shoot multiplication (optimization of proliferation media). 
> Stage "III": Root induction of microcuttings {in vitro or ex vitro). 
> Stage "IV": Acclimatization of complete plantiets. 
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2.2 Factors affecting in vitro shoot regeneration and growth of plantlets 
Several factors can influence the success of in vitro shoot regeneration such as 
genotype, type of explants, nutrient media, plant growth regulators and in vitro 
conditions before and after the regeneration process (Ishang et al. 2009). 
2.2.1 Explant type 
The choice of tissue depends upon the ultimate goal of the tissue culture project. The 
tissue which is obtained from the plant to culture is called an explant. It has often 
been claimed that a totipotent explants can be grown from any part of the plant. In 
many species, explants of various organs vary in their rates of growth and 
regeneration, while some do not grow at all. Also, the risk of microbial contamination 
is increased with an inappropriate explant. Thus, it is very important that an 
appropriate choice of explant be made prior to tissue culture. 
The different explants such as nodal segments, cotyledonary nodes, 
hypocotyls, roots, and cotyledons selected also could influence the rate of shoot 
regeneration in many trees including different species of Acacia, Eucalyptus, Salix 
tetrasperma, Vitex negundo, Pterocarpus marsupium, Albizia lebbeck and Cassia 
siamea (Vengadesan et al. 2002; Yasodha et al. 2004; Parveen et al. 2010; Anis et al. 
2012). 
Nodal segments have been widely used for in vitro shoot proliferation of 
woody plants such as Syzygium cuminii (Jain and Babbar 2000), Terminalia chebula 
(Shyamkumar et al. 2003), Oroxylum indicum (Dalai and Rai 2004), Boswellia 
ovalifoliolata (Chandrasekhar et al. 2005), Tectona grandis (Shirin et al. 2005), 
Pterocarpus santilinus (Rajeswari and Paliwal 2006), miracle berry (Ogunsola and 
llori 2007), Stereospermum personatum (Shukia et al. 2009), Casuarina equisetifolia 
(Duhoux et al. 1986; Satheesh Kumar et al. 2009), Casuarina hybrid (Shen et al. 
2009), Murraya koenigii (Sharma et al. 2010) and Sapindus trifoliatus (Asthana et al. 
2011). This is probably due to the readily available axillary buds in nodal segments 
that only require a trigger for bud break in contrast to root, leaf and cotyledonary 
tissue that would otherwise require initiation of adventitious buds (Sivanesan et al. 
2007). 
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2.2.2 Browning of the medium 
Some tissue have unpleasant characteristic of exudating brown/black pigments which 
on oxidation turns dark brown. These pigments are mainly composed of oxidized 
polyphenols and tannins which make the growth and development impossible. 
Explants taken from older specimen tend to produce more phenolics (Chalupa 1987). 
Various types of antioxidants viz., polyvinyl pyrolidene (PVP) and ascorbic acid 
(AA) have been extensively used but not all are effective and some are only suited for 
short period interventions. PVP is a polymer which adsorbs phenol like substances 
(Johansson 1983). PVP and AA were used for preventing browning in Acacia catchu 
(Kaur et al. 1998), citric acid and adenine sulphate was found effective in Acacia 
sinuate (Vengadesan et al. 2003). 
Activated Charcoal (AC) is also used in plant tissue culture to improve cell 
growth and development (Pan and van Staden 1998). The addition of AC to both 
liquid and semi-solid media is a recognized practice and its influence in growth and 
development may be attributed mainly to the adsorption of inhibitory substances in 
the culture medium (Fridborg et al. 1978), drastic decrease in the phenolic oxidation 
or brown exudates accumulation (Teixeria et al. 1994). AC alone or in combination 
with an auxin induced rooting of micropropagated shoots were reported in several 
plants. During the development of a successful transformation technique for pineapple 
{Ananas comosus), the fransformed and multiplied shoots were rooted on half-
strength MS medium supplemented with chlorsulfiiron and 0.5-3 g/1 AC. The authors 
noted that the addition of AC considerably enhanced the rooting ability of transgenic 
shoots (Firoozabady et al. 2006). 0.5 g/1 AC had been employed along with half-
strength MS medium supplemented with NAA for rooting in Swertia chirayita 
micropropagation (Joshi and Dhawan 2007). Browning caused by photo activation at 
the base of shoots can sometimes be eliminated by keeping the shoot bases in 
darkness during culture. The browning in the medium can be prevented by wrapping 
the base of the tubes with aluminium foil, or by applying a thin layer of inactivated 
charcoal. 
2.2.3 Plant Growth Regulators (PGRs) 
Some chemicals occurring namrally within plant tissues (i.e., endogenously) have a 
regulatory rather than a nutritional role in growth and development. These 
compounds, which are generally active at very low concentrations, are known as plant 
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hormones (or plant growth substances). Synthetic chemicals with physiological 
activities similar to plant growth substances or compounds having an ability to modify 
plant growth by some other means are usually termed PGRs. There are five 
recognized classes of PGRs as follows; 
>• Auxins 
> Cytokinins 
>• Gibberellins 
> Ethylene 
> Abscisic acid (ABA) 
Auxins and cytokinins are by far the most important plant growth substances for 
regulating growth and morphogenesis in plant tissue and organ cultures; in these 
classes, synthetic regulators have been discovered with a biological activity, which 
equals or exceeds that of the equivalent natural growth substances. No chemical 
alternatives to the natural gibberellins or ABA are available, but some natural 
gibberellins are extracted from cultured fungi and are available for use as exogenous 
regulants. 
2.2.3.1 Auxins 
Auxins are very widely used in plant tissue culture and usually form an integral part 
of the nutrient media. Auxins promote, mainly in combination with cytokinins, the 
growth of calli, cell suspensions and organs and also regulate the direction of 
morphogenesis. At the cellular level, auxins control basic processes such as cell 
division and cell elongation. Since they are capable of initiating cell division, they are 
involved in the formation of meristems giving rise to either unorganized tissue or 
defined organs. The choice of auxins and the concentration administered depend on: 
> The type of growth and/or development required. 
> The rate of uptake and of transport of the applied auxin to the target tissue. 
> The inactivation (oxidation and/or conjugation) of auxin in the medium and 
within the explants. 
> The sensitivity of the plant tissue to auxin (and other hormones as well). 
> The interaction, if any, between applied auxins and the natural endogenous 
substances. 
The most commonly detected natural auxin is lAA which may be used in plant tissue 
culture media, but it tends to be oxidized in culture media and is rapidly metabolized 
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within plant tissues. However, for many purposes, it is necessary or desirable to use 
one of the many synthetic analogues of lAA. These analogues have different 
structures but similar biological properties and are also called auxins. The synthetic 
auxins such as 2,4-dichlorophenoxyacetic acid (2,4-D), a-naphthalene acetic acid 
(NAA), and indole-3-butyric acid (IBA) are commonly used in the tissue culture. 
In tissue culture, depending on other hormones present in the medium, 
changes in auxin concentrations may change the type of growth, e.g., stimulation of 
root formation may switch to callus induction. In this respect, each tissue culture 
system is unique, and the effects of different concentrations of auxins and other 
hormones must be tested for each case individually, and only to some extent, the 
results can be transferred to other cultures. Plants-like other higher organisms-have to 
possess intra-organismal communication system(s) working over relatively long 
distances. As no nervous system is present, the main signalling systems are hormone 
dependent (Libbenga and Mennes 1995). Auxins are a component of such systems. 
Auxins and cytokinins impact at several levels in many different processes of plant 
development. 
The ability of auxins (together with cytokinins) to manage key events in plant 
morphogenesis was documented, among others, by Skoog and Miller's (1957) 
discovery of the regulation of organogenesis in vitro by means of the auxin to 
cytokinin ratio in culture media. It has been further supported by recent investigations 
on the relationships between auxin and cytokinin levels and the morphogenetic 
response of various plants (Li et al. 1994; Leyser et al. 1996; Centeno et al. 1996). A 
range of auxins in combination with cytokinin played a vital role in multiple shoot 
regeneration in many tree species (Vengadesan et al. 2002; Giri et al. 2004; Anis et al. 
2012). Addition of low levels of auxins along with cytokinin is known to increase 
shoot numbers in many plant species like Wrightia tinctoria (Purohit and Kukda 
1994), Rauwolfia micrantha (Sudha and Seeni 1996), Sapium sebiferum (Siril and 
Dharl997), Gmelina arborea (Tiwari et al. 1997), Gymnema sylvestre (Reddy et al. 
1998), and Tectona grandis (Tiwari et al. 2002; Shirin et al. 2005). Moreover, the role 
of auxins in root development is well established and the effect of various auxins on 
rooting of the excised microshoots in vitro and ex vitro has been discussed in the 
section 2.2.6 "Rooting" of this chapter. 
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2.2.3.2 Cytokinins 
Among PGRs, cytokinins have proven to be the most important factor affecting shoot 
regeneration. Cytokinins are Ne-substituted adenines with growth regulatory activity 
in plants that promote cell division and may play a role in cell differentiation (McGaw 
and Burch 1995). Cytokinins added to the medium are very important during tissue 
culture of plants because they induce division and organogenesis (Howell et al. 2003) 
and affect other physiological and developmental processes (Heyl and Schmulling 
2003; Ferreira and Kieber 2005; van Staden et al. 2008). The success of a culture is 
affected by the type and concentration of applied cytokinins, because their uptake, 
transport, and metabolism differ between varieties and they can interact with 
endogenous cytokinins of an explant (van Staden et al. 2008). 
There are two main classes of cytokinins according to the chemical structure 
of the side chain: isoprenoid and aromatic cytokinins, which differ in their 
biochemistry, receptors, biological activity and their metabolism (Stmad et al. 1997; 
Werbrouck et al. 1996; van Staden et al. 2008). Considering natural cytokinins, BA or 
sometimes Kn (Barciszewski et al. 1999) is most frequently used in tissue culmre 
systems. Vengadesan et al. (2002) reported that BA singly was common in most of 
the in vitro micropropagation systems of different species of Acacia irrespective of 
the explants and media type. Similarly, the positive effect of BA on shoot 
multiplication of teak has been reported by a number of researchers (Gupta et al. 
1980; Devi et al. 1994; Shirin et al. 2005). Purkayastha et al. (2008) obtained 
maximum number of shoots at 10 \iM BA. A considerable higher range of BA (22.2 
laM) was used by Koroch et al. (1997) for the micropropagation of Hedeoma 
multijlorum. However, lower concentration of BA (2.22 nM) was applied with fbll-
strength MS medium by Elangomathvan et al. (2003) to obtain multiple shoots in 
Orthosiphon spiralis. Nayak et al. (2007) investigated the effect of BA at low 
concentrations on shoot proliferation in Aegle marmelos and found optimal response 
in MS medium supplemented with 6.6 |J.M BA. While, Gokhale and Bansal (2009) 
obtained multiple shoots directly from apical and axillary buds of Ocimum indicum in 
MS medium amended with 4.43 p.M BA. 
Besides the utilization of BA in tissue culture, Kn has also found to be very 
effective in establishing in vitro regenerative protocol for many plant species such as 
Eurycoma longifolia (Hussein et al. 2005), Tinospora cordifolia (Gururaj et al. 2007), 
16 
Ricinus communis (Chaudhary and Sood 2008), Rauvolfia tetraphylla (Harisaranraj et 
al. 2009), Thymus vulgaris (Ozudogru et al. 2011). 
While, 2-isopentenyladenine (2-iP) is reported to be the best cytokinin for 
shoot multiplication in blueberry by Cohen (1980) and in garlic by Bhojwani (1980). 
Chattopadhyay et al. (1995) achieved rapid micropropagation protocol for Mucuna 
pruriens using 2-iP. Mills et al. (1997) mentioned that 2-iP at a higher concentration 
of 30.5 mg dm-3 was optimum for differentiating maximum number of shoots in 
Simmondsia chinensis. However, Taha et al. (2001) reported that the shoot bud 
proliferation ability of date palm shoot tips was strongly enhanced by low 
concentration of 2-iP (3 mg dm-3). Similarly, Jakola et al. (2001) obtained best results 
in Vaccinium myrtillus and Vaccinium vitis-idaea utilizing higher levels of 2-iP (49.2 
and 24.6 |J.M) on modified MS medium, while lower concentrations (12.3 or 24.6 |.iM) 
were recommended by Pereira (2006) for other species of Vaccinium cylindraceum 
micropropagation on Zimmermann and Broome medium. In case of Rhododendrons, 
Vejsadova (2008) found the highest shoot multiplication rate on MS medium 
amended with 2-iP. Similarly, Singh and Gurung (2009) proved 2-iP to be the most 
effective cytokinin in comparison with BA or Kn for multiple shoot induction in 
Rhododendron maddeni. 
There are also some important synthetic cytokinins, such as TDZ. The activity 
of TDZ varies widely depending on its concentration, exposure time, the cultured 
explant, and the species tested (Murthy et al. 1988). Like other synthetic cytokinins, it 
appears less susceptible to enzymatic degradation in vivo than other naturally 
occurring amino purine cytokinins and has been found to be effective at very low 
concentrations (0.0091-3.99 \iM) for micropropagation of several species (Lu 1993). 
However, it has been used at higher concentrations (2.27-145.41 ^M) for propagation 
of some species including Zanthoxylum rhetsa (Augustine and D'Souza 1997), a 
mature forest tree species. It has been shown to induce high bud regeneration rates in 
comparison to purine-based cytokinins and also has the capability of fulfilling both 
the cytokinin and auxin requirements of regeneration responses in a number of woody 
plants (Mok et al. 2005; Jones et al. 2007). However, it can also cause undesirable 
side effects, such as inhibited shoot elongation and rooting, fasciated shoots, and 
hyperhydricity. In woody plants, TDZ has been shown to be suitable for 
micropropagation and regeneration of recalcitrant species or genotypes (Huetteman 
and Preece 1993; Durkovic and Misalova 2008). A perusal of literature reveals that it 
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has successfully been used to induce axillary or adventitious shoot proliferation in a 
number of plant species including herbaceous, perennials, and tree species such as 
Pongamia pinnata (Sujatha and Hazra 2007), Pterocarpus marsupium (Husain et al. 
2007) and Cassia angustifolia ( Parveen and Shahzad 2011), 
Various studies on a wide range of plant species highlighted the potential of 
topolins as a substitute to the commonly used cytokinins. Using equimolar 
concentration (10.0 [iM) of either mT or BA, Werbrouck et al. (1996) observed better 
shoot-root balance with mT treated Spathiphyllum floribundum plantlets. Similarly, 
mT at various concentrations produced more shoots compared to either BA during the 
micropropagation oiAloepolyphylla (Bairu et al. 2007). In banana cv. 'Williams', the 
use of topolins (mT, mTR, MemT, MemTR) at 7.5, 15 and 30 ^M had higher shoot 
multiplication rates than BA(Bairu et al. 2008). 
Cytokinins and auxins in synergy 
Since the action of cytokinin and auxin has been linked from early studies, they are 
known to interact in several physiological and developmental processes, including 
apical dominance, control of cell cycle, lateral root initiation, regulation of senescence 
and vasculature development (Coenen and Lomax 1997; Swarup et al. 2002). 
Exogenous applications of cytokinins and auxins have been known to be 
important for shoot induction and elongation of many plant species in vitro (George 
1993). Various successful combinations have been reported, such as BA + lAA for 
Tectona grandis (Tiwari et al. 2002), Mains zumi (Xu et al. 2008), Terminalia 
bellirica (Phulwaria et al. 2012); BA + IBA for Jatropha curcus (Shrivastava and 
Banerjee 2008), BA + NAA ior Acacia catechu (Hossain et al. 2001), Zyziphus jujuba 
(Hossain et al. 2003), Tectona grandis (Shirin et al. 2005), Cornus mas (Durkovic 
2008),Teucrium fruticans (Frabetti et al. 2009), Celastrus paniculatus (Martin et al. 
2006) and Acacia auriculiformis (Girijashankar 2011). 
Also, elevated level of shoot multiplication and proliferation rate was achieved 
in Myrica esculenta using Kn in concurrence with NAA by Bhatt and Dhar (2004). 
Complete plantlets of Ricinus communis were successfully raised by Chaudhary and 
Sood (2008) while applying Kn in combination with NAA in MS medium. Kn-NAA 
synergism and their triggering effect on shoot bud induction and multiplication have 
established rightly in Gossypium hirsutum (Rauf et al. 2004), Cordia verbenacea 
(Lameira and Pinto 2006), Alpinia officinarum (Selvakkumar et al. 2007) and 
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Gardenia jasminoides (Duhoky and Rasheed 2010). In addition, lapichino and Airo 
(2008) reported that the addition of 2-iP with lAA is found to be the suitable PGR 
regime for propagation in Metrosideros excelsa. 
2.2.2.3 Gibberellins 
Plant tissue cultures can generally be induced to grow and differentiate without 
gibberellins, although gibberellic acid (GA3) may become an essential ingredient of 
media for culturing cells at low densities (Stuart and Street 1971). GA3 is known to 
break the dormancy of several types of seeds at a critical concentration. It stimulates 
seed germination via the synthesis of a-amylase and other hydrolases (Shepley et al. 
1972). Thus, in recent papers, GAS has been used to break dormancy and 
morphogenesis (Chaturvedi et al. 2004; Shahzad et al. 2007; Parveen et al. 2010; 
Balaraju et al. 2011).GA3 is added to the medium, together with auxin and cytokinin, 
in stages I and II of shoot cultures of certain plants. At stage I, its presencecan 
improve establishment; for example, De Fossard and De Fossard (1988) found that 
the addition of GA3 to the medium was useful to initiate growth in cultures from adult 
parts of trees of the family Myrtaceae. Additions of GA3 with BA caused high-
trequency bud break and shoot multiplication in apical shoot buds and nodal explants 
oiMorus cathayana (Pattnaik and Chand 1997). Moreover, the benefits of using GA3 
singly or in combination with other PGRs in the culture medium for shoot 
multiplication have been well documented in a number of plant species (Kotsias and 
Roussos 2001; Farhatullah and Abbas 2007; Moshkov et al. 2008) 
2.2.3 Carbohydrate source 
Carbohydrate supplements are essential in the tissue culture of plants when 
heterotropic and mixotrophic system are used. A number of carbohydrate sources 
support growth but their requirements and sustainability can vary from species to 
species according to their effect on the physiology and differentiation of tissue (Karhu 
1997). The exogenous carbohydrates of the nutrient medium serve as energy and 
carbon sources and also help in the maintenance of osmotic potential of cells and 
conservation of water (Hazarika 2003). The conservation of water is essentially 
important for ex vitro establishment of plants because in vitro grown plants lack a 
well developed cuticle and epicuticular wax (water housekeeping system) (Van 
Huylenbroeck et al. 2000). Moreover, exogenous supply of sugar increase starch and 
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sucrose reserves in micropropagated plants and could favour ex vitro acclimatization 
by accelerating physiological adaptations (Pospisilova et al.l999). Nonetheless, 
addition of sugar to the culture media has been shown to be negatively correlated with 
growth (Kwa et al. 1995), photosynthesis (Serret et al. 1997; Hazarika 2003) and 
expression of enzymes of the carbon assimilatory pathway (Kilb et al. 1996). 
The responses of in vitro cultures to different carbon sources viz., sucrose, 
fructose, glucose etc. added to the medium are frequently tested during medium 
optimization for various plant species. There are reports on successful shoot cultures 
of Mains species in the presence of sorbital, sucrose, fructose or glucose but the type 
of carbohydrate effects the growth and frequency of shoots developed. Stimulated 
axillary branching from the microshoot of Malus was observed on sorbital containing 
media with increased biomass production (Karhu 1997). Gubis et al. (2005) stated that 
medium supplemented with 30 g/1 sucrose produced healthier and more vigorous 
plantlets of Lycopersicon escidentum than those of other types and concentrations of 
carbohydrates. Other research revealed that plantlets were better achieved on medium 
supplemented with 30 g/1 glucose in culture of Vaccinium vitis-idaea (Debnath 2005) 
and Eclipta alba (Baskaran and Jayabalan 2005). While, sucrose and sorbitol were 
found best in in vitro culture of sago palm and the best medium for explants growth 
was MS medium supplied with 22.5 g/1 sucrose and 7.5 g/I sorbitol (Novero et al. 
2010). In banana [Musa spp. cv Shima), Buah et al. (2000) found that plantlets on 
media containing sucrose produced higher number of leaves than on media with 
glucose and fructose. Sumaryono et al. (2012) found sucrose as best than other type of 
carbohydrate (maltose, glucose and Iructose etc.) and the concentration of 30 g/1 was 
found best for the growth and vigour of sago plantlets. Generally, sucrose is widely 
used in plant tissue culture due to its most favourable effect on growth and relatively 
low cost. 
2.2.4 Medium pH Levels 
The relative acidity or alkalinity of a solution is assessed by its pH. This is a measure 
of the hydrogen ion concentration; the greater the concentration of H"^  ions (actually 
HBO"^  ions), the more acidic the solution. As pH is defined as the negative logarithm 
of hydrogen ion concentration, acidic solutions have low pH values (0-7) and alkaline 
solutions have high values (7-14). To judge the effect of medium pH, it is essential to 
discriminate between the various sites where the pH might have an effect: (1) in the 
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explants, (2) in the medium, and (3) at the interface between explants and medium 
(Thorpe et al. 2008). According to Thorpe et al. (2008), the pH of a culture medium 
must be such that it does not disrupt the plant tissue. Within the acceptable limits, the 
pH also: 
> Governs whether salts will remain in a soluble form. 
> Influences the uptake of medium ingredients and plant regulator additives. 
> Has an effect on chemical reactions (especially those catalyzed by enzymes). 
> Affects the gelling efficiency of agar. 
This means that the effective range of pH for media is restricted. As will be 
explained, medium pH is ahered during culture, but as a rule of thumb, the initial pH 
is set at 5.5-6.0. In culture media, detrimental effects of an adverse pH are generally 
related to ion availability and nutrient uptake rather than cell damage. The pH of the 
medium has an effect on the availability of many minerals (Scholten and Pierik 1998). 
In general, the uptake of negatively charged ions (anions) is favoured at acidic pH, 
while that of cations (positively charged) is best when the pH is increased. As 
mentioned earlier, the relative uptake of nutrient cations and anions will alter the pH 
of the medium. The release of hydroxyl ions from the plant in exchange for nitrate 
ions results in media becoming more alkaline; when ammonium ions are taken up in 
exchange for protons, the media become more acidic. 
One of the chief advantages of having both N03~ and NH4^  ions in the 
medium is that uptake of one provides a better pH environment for the uptake of the 
other. The pH of the medium is thereby stabilized. Uptake of nitrate ions by plant 
cells leads to a drift towards an alkaline pH, while NH4^ uptake results in a more rapid 
shift towards acidity (George 1993). In media containing both NO3 ~ and NH4^ with 
an initial pH of 5-6, the preferential uptake of NH4^ causes the pH to drop during the 
early growth of the culture. This results in increased NOs^  utilization (Martin and 
Rose 1976). The final pH of the medium depends on the relative proportions of NOs^ 
and NH4 ^ (Gamborg et al. 1968). 
It has been reported that medium pH influences developmental processes in 
tissue culture, among other regenerative processes: xylogenesis in Citrus and Zinnia 
elegans (Khan et al. 1986; Roberts and Haigler 1994), androgenesis in winter triticale 
and wheat (Karsai et al. 1994), adventitious bud regeneration in tobacco (Pasqua et al. 
2002), and adventitious root formation in apple (Harbage et al. 1998). Changes in the 
pH of a medium do, however, vary from one kind of plant to another. In a random 
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sample of papers on micropropagation, the average initial pH adopted for several 
different media was found to be 5.6 (mode 5.7) but adjustments to as low as 3.5 and 
as high as 7.1 had been made. Kartha (1981) found that pH 5.6-5.8 supported the 
growth of most meristem tips in culture and that cassava meristems did not grow for a 
prolonged period on a medium adjusted to pH 4.8. Shoot proliferation in Camellia 
sasanqua shoot cultures was best when the pH of a medium with MS salts was 
adjusted to 5-5.5. Many plant cells and tissues in vitro will tolerate pH in the range of 
about 4.0-7.2; those inoculated into media adjusted to pH 2.5-3.0 or 8.0 will probably 
die (Butenko et al. 1984). Bhatia and Ashwath (2005) reported that a high pH above 
6.0 produces a very hard medium and a pH lower than 5.0 does not sufficiently 
solidify the medium. 
Parliman et al. (1982) tested the effect of different medium pH values (3.5, 
4.5, 5.5, and 6.5) in Dionea muscipula and found that the optimum pH for shoot 
proliferation and elongation was 5.5, which was severely inhibited in more acidic 
medium. In chickpea, pH 6.5 was proved to be the optimum for embryo formation, 
which was adversely affected by pH above 7.0 and below 4.0 (Bam and Wakhlu 
1993). Wang et al. (2005) showed that pH level of 5.8-6.6 was broadly effective for 
shoot regeneration for Camptotheca acuminata. The best result of shoot regeneration 
was found for the medium at pH 5.8 with 90 % regeneration frequency. On a medium 
with pH 7.0 or below 5.4, the regenerated shoot number was low. Moreover, on the 
medium with pH value below 5.4, the regenerated shoots showed serious vitrification. 
2.2.5 Subculture passage 
Subculturing often becomes imperative when the density of cells, tissues, or organs 
becomes excessive and when there is a need to increase the volume of a culture or to 
increase the number of organs (e.g., shoots or somatic embryos) for 
micropropagation. Rapid rates of plant propagation depend on the ability to subculture 
shoots from proliferating shoot or node cultures, from cultures giving direct shoot 
regeneration, or from callus or suspensions capable of reliable shoot or embryo 
regeneration. The reason for transfer or subculture is that the growth of plant material 
in a closed vessel eventually leads to the accumulation of toxic metabolites and the 
exhaustion of the medium, or to its drying out. Thus, even to maintain the culture, all 
or part of it must be transferred onto fresh medium. Shoot cultures are subcultured by 
segmenting individual shoots or shoot clusters. 
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Bajaj et al. (1988) obtained around 2,200 plantlets of Thymus vulgaris from a 
single shoot grown in vitro in 5 months (four passages). Ajithkumar and Seeni (1998) 
reported that repeated subculturing of nodes and leaf from shoot cultures of Aegle 
marmelos helped to achieve a continuous production of callus-free healthy shoots at 
least up to five subculture cycles. Borthakur et al. (1999) established a mass 
multiplication protocol for Alpinia galanga by subculturing the regenerated explants 
to Kn supplemented medium for more than 1 year. They obtained an average of 1,000 
plantlets with four to five successive subculture cycles, i.e., within 40-45 days. 
Likewise, Raghu et al. (2007) observed that the micropropagated shoots of Aegle 
marmelos could be subcultured up to 20 cycles without loss of vigour to produce 
shoots free from morphological and growth abnormalities. Similarly, in Simmondsia 
chinensis around 10-15 shoots were produced by repeated subculturing up to three 
successive subcultures (Singh et al. 2008). 
The increase in shoot number may be due to the suppression of apical 
dominance during subculture that induced basal dormant meristematic cells to form 
new shoots (Shukla et al. 2009). Hence, by adopting this procedure of shoot excision 
and reculturing of the mother explants in the fresh medium, a large number of shoots 
could be obtained per explants within few months (Asthan et al. 2011). This approach 
of increasing the yield of shoots at an enhanced pace was adopted earlier for other 
woody taxa (Kaveriappa et al. 1997; Jain and Babbar 2000; Hiregoudar et al. 2005; 
Prakash et al. 2006; Tripathi and Kumar 2010; Shekhawat and Shekhawat 2011). 
2.3 Rooting 
Induction of rooting is an important step in the propagation of a plant species 
(Moncousin 1991). Although, a number of plants root spontaneously in culture (some 
monocotyledons and other herbaceous species), shoots of most species multiplied in 
vitro lack a root system. Rooting can be achieved either by sub-culturing to medium 
lacking cytokinins, widi or without a rooting hormone, or by treating the shoots as 
conventional cutting after removal from sterile culture. There is great variation 
between species in the ease with which cultured shoots can be rooted and systematic 
trials are often needed to find the most effective conditions. All cytokinins inhibit 
rooting and BA (which is widely used for shoot multiplication) does so sfrongly, even 
after transfer to cytokinin-free medium. The use of Kn or 2-iP in place of BA in the 
final stage of multiplication often improves subsequent rooting (e.g. in Pinus as 
reported by Webb and Street 1977). On the other hand, MS basal medium devoid of 
PGR has been found to induce in vitro rooting in some plant species (Cristina et al. 
1990; Saxena et al. 1998; Faisal and Anis 2003; Ray and Bhattacharya 2008). The 
ease of root formation on auxin free medium may be due to the availability of 
endogenous auxin in the shoots in vitro (Minocha 1987). 
In many woody and herbaceous species by lowering the concentration of 
macro sahs to a half or less and the concentration of sucrose from 2 or3% to 0.5 or 
1.0%. The requirement of half-strength culture medium for root induction had also 
been reported in many tree species including Melia azedarach (Shahzad et al. 2001), 
Pterocarpus marsupium (Husain et al. 2005) and Acacia sinuta (Shahzad et al. 2006). 
However, in some cases, strength of MS medium did not affect the rooting frequency 
(Sharma and Chandel 1992, Anis and Faisal 2005, Ahmad et al. 2006a, Pandey et al. 
2006). 
The concentration of rooting hormone (generally auxin) required is often 
critical to provide sufficient stimulus to initiate roots while preventing the excessive 
formation of callus. Root elongation may be inhibited by the levels of auxin required 
to initiate roots and the use of lAA which rapidly breaks down in cultured tissues is a 
usefiil way of overcoming this problem without having to provide a second rooting 
medium. The requirement of lAA for best rooting has also been reported in Artemisia 
vulgaris (Sujatha and Ranjitha Kumari 2007), Stevia rebaudiana (Ahmed et al. 2007, 
Anbazhagan et al. 2010), Gerberajamesonii (Gantait et al. 2010) etc. 
Many species require the stronger axuin IB A or NAA to stimulate root 
fromation. Among the auxins tested, generally IB A has been observed to induce 
strong rooting response over lAA or NAA and has been extensively used to promote 
rooting in a wide range of tree species such as Myrtus communis (Ruffoni et al. 1994; 
Scarpa et al. 2000), Pistacia vera (Onay 2000), Terminalia arjuna (Pandey and 
Jaiswal 2002; Pandey et al. 2006), Terminalia chebula (Shyamkumar 2003), Kigelia 
pinnata (Thomas and Puthur 2004), Stereospermum personatum (Shukla et al. 2009), 
Semecarpus anacardium (Panda and Hazra 2010), and Sapindus trifoliatus (Asthana 
et al. 2011). However, NAA usually give rise to short thick roots which may have the 
advantage of being better able to withstand accidental damage during planting out 
(Lane 1979). The stimulatory effect of NAA on root formation has been reported in 
many medicinal plants like Tagetes erecta (Misra and Datta 2001), Carthamus 
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tinctorius (Radhika et al. 2006), Trichosanthes dioica (Malek et al. 2007), Lysimachia 
species (Zheng et al. 2009). 
Sometimes combination of two different auxins or axuin with cytokinins 
found to induce optimum rooting response. The combination of IBA and lAA was 
found to induce best rooting in Ficiis religiosa (Swiach and Gill 2011) Regenerated 
shoots of Anthurium andraeanum were best rooted on half-strength MS medium with 
0.54 ^M NAA and 0.93 ^M Kn (Martin et al. 2003). Similarly, Beegum et al. (2007) 
reported best rooting in Ophiorrhiza prostrata when shoots cultured on 10.74 ^M 
NAA and 2.32 p,M Kn containing half-strength MS medium. 
Different phenolic compounds like, phloroglucinol (PG), chlorogenic acid 
(CA) and salicyclic acid (SA) also facilitate the in vitro rooting of recalcitrant species 
and phloroglucinol was found to be a promotive phenolic compound in Pterocarpus 
marsiipiiim (Anis et al. 2005, Husain et al. 2007). However, Sakhanokho and Kelley 
(2009) observed that SA in combination with NaCl had a beneficial effect on root 
formation along with shoot multiplication and plant survival in Hibiscus moscheutos. 
Swamy et al. (1992) observed the induction of roots in Dalbergia latifolia on 
lAA supplemented medium. Similarly, Petemal et al. (2009) observed 60% rooting in 
Populus tremula in half strength MS supplemented with lAA (1.0 |J.M) without 
activated charcoal (AC). However, the effect of AC on root induction has been 
reported in different plant species such as Rollina mucosa (Figueiredo et al. 2001), 
Curcuma zedory (Loc et al. 2005) and Swertia chirayida (Joshi and Dhawan 2007a 
and 2007b). But, the results of Balaraju et al. (2009) indicated that no AC is required 
for rooting in S. chirayitia and the most effective rooting (83%) was achieved on 
media comprised of MS + NAA (0.1 mg/1) with maximum 22.48 roots/shoot withm 
40 days. 
Auxin promotes ethylene production that inhibits adventitious root formation 
in some species like pea cuttings (Nordstrom and Eliasson 1990) and Prunus avium 
shoot cultures (Biondi et al. 1990). Ma et al. (1998) demonstrated that the use of 
ethylene inhibitors such as AgNOs and CoCh may promote root formation in shoot 
cultures of apple. Effect of AgNOs on root formafion was also examined by Bais et al. 
(2000) for Decalepis hamiltonii. They reported best rooting response with the 
application of 40.0 ^M AgNOs. Reddy et al. (2002) used triacontanol (TRIA) for in 
vitro rooting in D. hamiltonii. 
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Ex vitro rooting provides is an alternative approach to induce rooting 
inmicroshoots, it is economical, saves time and requires less labour, chemicals and 
equipments. Ex vitro rooted plantlets did not require any additional step for hardening 
and acclimatization prior to transplanting to the green house or field conditions 
(Pmski et al. 2000). Like in vitro rooting, ex vitro rooting is also affected by the 
chemical nature and concentration of auxins and the explants source (Yan et al. 
2010b) and it has been successfully applied in a variety of plant species (Stapfer et al. 
1985; Economou and Spanoudaki 1985; Zhang and Davis Jr 1986; Shibli and Smith 
1996; Kim et al. 1997 and Liu and Li 2001). For the induction of ex vitro rooting 
different workers have emphasized the careful selection of planting substrate and 
rooting treatment. The cut ends of the microshoots were first dipped in different 
concentrations of rooting media comprised of different auxins (lAA, IB A and NAA) 
followed by subsequent transferring to sterile planting substrate. Successful ex vitro 
rooting has been achieved in Siratia grosvenorii (Yan et al. 2010a) by NAA 
treatment. NAA has also been reported to induce ex vitro vooimg in Rotula aquatica 
(Martin 2003b). But there are certain reports which suggested that IBA is more 
effective for ex vitro root induction (Bhatia et al. 2002; Siddique and Anis 2006 and 
Ahmad and Anis 2007). Contrary to all the above reports Feyissa et al. (2007) 
observed that lAA is more effective for the induction of ex vitro roots in Hagenia 
abyssinica. 
2.4 Synthetic seeds: concept, process and application 
A synthetic or artificial seed is referred to an artificially encapsulated somatic embryo 
or non-embryogenic vegetative propagules like apical shoot buds, axillary buds, nodal 
segments, adventitious buds or any other meristematic tissue that can be used as 
functionally mimic seeds for sowing possesses the ability to convert into a plant under 
in vitro or ex vitro conditions and can retain this potential even after storage (Sharma 
et al. 2013). Potential advantages of encapsulation technology include ease in 
handling (due to small size of capsule), genetic uniformity of plants and direct 
delivery to this field. Synthetic seeds can be made available throughout the year 
where most of tree species produce seeds only in certain months of the year (Bapat 
and Mhatre 2005). The most important use of synseed for trees could be in exchange 
of elite and axenic plant material between laboratories due to small bead size and 
relative ease of handling these structures. 
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The concept of synthetic seed was given by Murashige (1977) and practically 
applied by Kitto and Janick (1982) for the first time in carrot by coating a mixture of 
somatic embryo in a water soluble resin, polyoxyethylene glycol (Polyox) to produce 
desiccated somatic embryos. Later, Redenbaugh et al. (1984) were successful in 
producing synthetic seeds for Alfalfa by encapsulation somatic embryos with alginate 
hydrogel. Since then several research groups have reviewed (Ara et al. 2000; Rai et al. 
2009) and working on synthetic seeds with different plants species including woody 
trees like in Dalbergia sissoo nodal segments were used for producing synthetic seeds 
in 3% (w/v) sodium alginate and 75 mmol/1 calcium chloride as gelling matrix (Chand 
and Singh 2004). Similarly, for the formation of ideal synthetic seeds, nodal segments 
ofPimica granatum derived from in vitro shoot cultures or axenic cotyledonary nodes 
were encapsulation in 3% (w/v) sodium alginate with complexation in 100 mM 
calcium chloride (Naik and Chand 2006). Hung and Trueman (2012) reported the 
medium term synseed preservation (12months) of hardwood genera Corymbia and 
Khaya prepared by encapsulation shoot tips and nodes in 3% (w/v) sodium alginate 
and 100 mM CaCb and assessed shoot re-growth on medium varying in sucrose and 
nutrient content. While axillary buds of Eucalyptus grandis encapsulated and stored 
successfully in water for 6 months at 10 °C and 4 [imol m'^  s ' irradiance (Watt et 
al.2000). encapsulated shoot tips and cotyledonary nodes of Cedrela fissilis were 
stored for 3-6 months in nutrient and sugar fi-ee medium at 25 "C and 20-25 |imol m^ 
s"' irradiance, with higher re-growth capacity of encapsulated shoot tips on 0.4% 
agar-solidified medium (Nunes et al. 2003). Similar reports with different explants 
encapsulation in several woody plant species have been reported in, Rubus idaeus 
(Alvarez et al. 2003), Quercus spp. (Tsvetkov and Hausman 2005), Moms spp. 
(Kavyashree et al. 2006), Psidium giiajava (Rai et al. 2008), Spilanthes species 
(Sharma et al. 2009a, b), Vitex negundo (Ahmad and Anis 2010), Citrus sinensis x 
Poncirus trifoliata (Germana et al. 2011), Decalepis hamiltonii (Sharma and Shahzad 
2012) etc. 
2.5 Acclimatization 
The ultimate success of micropropagation depends on the ability to transfer and re-
establish vigorously growing plants from in vitro to green house conditions. This 
involves acclimatization or hardening-off plantlets to conditions of significantly lower 
relative humidity and higher light intensity. Although, micropropagation has been 
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extensively used for the rapid multiplication of various plant species and considerable 
efforts have been directed to optimize the conditions for in vitro stages of 
micropropagation, but process of acclimatization of tissue culture raised plants to the 
natural environment has not fully been studied (Hazarika 2003). Micropropagation is 
restricted by often high percentage of plants lost or damaged during ex vitro 
transplantation (Pospisilova et al. 1999). However, the acclimatization of 
micropropagated plants remains a critical stage; in the first week after transfer to ex 
vitro conditions, plantlets cope with the different stresses and have to adapt to the 
external environmental conditions (Aragon et al. 2005). In fact, microparopagated 
plants are difficult to transplant for two primary reasons: 
> A heterotrophic mode of nutrition 
> Poor control of water loss (Kane 2000). 
A number of researches has been conducted to solve the various problems related 
to acclimatization such as relative humidity, high humidity increase the survival 
percentage of micropropagated plants (Kozai 1991). A composite of anatomical and 
physiological features, characteristic of in vitro plant produced in 100% relative 
humidity, contributes to the limited capacity of microprapagted plants to regulate 
water loss immediately following transplanting. These features include no epicuticular 
wax formation, poor cuticle development, poorly differentiated mesophyll, poor 
connection between shoots and roots and improper function of stomata resulted in 
excessive water loss and poor photosynthetic capacity in ex vitro acclimatized plants 
(Ziv 1991; Kane 2000; Chen et al. 2006). Another problem associated with the tissue 
culture is the occurrence of high percentage of hyperhydric shoot which is a physio-
morphological malformation, resulted in poor establishment and increased cost of 
production. 
Plants cultured in vitro in the presence of high exogenous sucrose and under 
conditions of limited light and gas exchange have been shown to considerably 
diminish the photosynthesis (Argita et al. 2002). Exogenous sugar in the medium 
could suppress the photosynthetic gene expression, reduce chlorophyll content, Calvin 
cycle enzyme as well as reduce Rubisco activity and Rubisco concentration leading to 
low photosynthetic rate (Fuentes et al. 2005). However, exogenous sugar in some 
cases improves photosynthesis and help in successful acclimatization (De la Vina et 
al. 1999). The acid invertase enzyme, coverts sucrose to glucose and fructose, shows 
an increase during the beginning of the elongation phase, due to the necessity to 
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degrade the sucrose in culture medium (Van et al. 2001). Later on at the end of 
acclimatization phase, an increase was observed, indicating that this enzyme plays a 
determinant role in the transport and exportation of sugar within the plant. During the 
elongation phase, the mixotrophic behaviour of planted shoots was evident, due to 
relatively high level of photosynthesis (Aragon et al. 2005). 
Leaf surface covering agents, such as glycerol, paraffin and grease also promoted 
ex vitro survival of herbaceous species, but have not been evaluated over a long term 
or examined on woody species (Selvapandiyan et al. 1988). Several growth retardants 
which reduce damage due to wilting without deleterious side effect have been 
suggested in micropropagation. ABA is considered as a growth retardant which may 
alleviate 'transplantation shock' and speed up acclimation of tobacco plantlets to ex 
vitro conditions (Pospisilova et al. 1998). Ray and Bhattacharya (2008) established an 
efficient but simple protocol for fast in vitro propagataion of Eclipta alba including 
successful transplantation by priming with a growth retardant, chlorocholine chlonde 
(CCC) for the first time. Among various concentrations of CCC, 6.33 |JM was found 
most effective for inducing certain beneficial changes. After 30 day old treated shoots, 
they observed increased number of roots, elevation in chlorophyll content and plant 
biomass. They reported that the arrested undesirable shoot elongation made the plants 
sturdy and more suitable for acclimatization. The primed plants exhibited 100% 
sxirvival frequency as compared to control plants (84%). Priming of micropropagated 
propagules has already been recommended for obtaining better acclimatized plants 
(Nowak and Shulaev 2003; Hazarika 2003). The concept of priming the tissue culture 
raised plants to improve acclimatization is based on the fact that certain chemicals 
effectively pre-sensitize cellular metabolism of plants (Nowak and Shulaev 2003) and 
increase the adaptive ability of in vitro cultures (Conrath et al. 2002; Nowak and 
Pmski 2004). 
2.6. Physiological studies 
Plants grown under heterotrophic conditions in vitro have leaves with low chlorophyll 
contents and low rates of photosynthesis which impedes growth (Grout and Millam 
1985). This is due to low light intensities, low carbondioxide concentrations (hifante 
et al. 1989) and inhibition of photosynthesis by sugar concentration in the medium 
(Sheen 1990, Lees et al. 1991 and Reuther 1991). Nevertheless, after transfer to ex 
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vitro conditions, most micropropagated plants develop a functional photosynthetic 
apparatus, although the increase in light intensity is not linearly translated in an 
increase in photosynthesis (Kozai 1991). In in vitro plantlets, the response of 
photosynthesis to light is similar to that of shade plants, characterized by low 
photosynthetic rates, low light compensation saturation point (Chaves 1994). Many 
plants transferred from tissue culture may show a reduced photosynthetic rate due to a 
sudden shortage of nutrients in substrate. However, /;» vitro cultured plants adjust to 
ex vitro conditions when switched from heterotrophic to autotrophic conditions 
(Dormelly and Vidaver 1984; Kozai 1991). The development of photoautotrophy in 
micropropagated plants represents one of the main goals during the transfer from in 
vitro to greenhouse conditions. The leaves formed in vitro were unable to develop 
further in ex vitro conditions and after a few weeks they were replaced by the newly 
formed normal leaves possessing functional stomata similar to that of seed grown 
plants (Diettrich et al. 1992). 
The stabilization of water status is prerequisites of plantlet survival, but their further 
growth requires sufficient photosynthetic rate under correspondingly high irradiance 
(Pospisilova et al. 2009). An increase in the chlorophyll contents (Chlorophyll a and 
b) after transplantation has been reported by Trillas et al. (1995), Rival et al. (1997), 
Pospisilova et al. (1998), Van Huylenbroeck et al. (2000) and Osorio et al. (2005). 
Such an increase in the photosynthetic ability might be attributed to the improvement 
in chloroplast ultrastructure (Wetsztein and Sommer 1982). Piqueras et al. (1998) 
reported that as acclimatization proceeds, a significant increase in the activity of 
enzyme of sucrose metabolism in the leaves was observed revealing the plant's 
growing photosynthetic competence. However, there are reports available where an 
initial abrupt decrease in chlorophyll contents during the starting days followed by a 
continuous and subsequent increase was noticed as in Ocimum basilicum (Siddique 
and Anis 2008) towards the final days of acclimatization. A similar pattern of 
photosynthetic efficiency in micropropagated plants of neem was detected by 
Lavanya et al. (2009). Faisal and Anis (2010) compared chlorophyll contents of ex 
vitro formed leaves of Tylophora indica with that of in vitro ones during acclimation 
period and found significant higher levels of pigments in the fully hardened plantlets 
at 28 day of acclimation. Amancio et al. (1999) indicated that high light regime during 
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acclimatization has a direct influence on the transition to in vitro characteristics and 
on final yield, without symptoms of light stress. 
2.7 Biochemical Studies 
Plant tissue culture has been viewed as a key technology for the production of true to 
t^ /pe plants. However, the commercial application of this technology finds limitations 
when the plantlets are transplanted from in vitro to ex vitro condition. Many of the 
regenerated plants cannot cope with the external conditions due to the tissue culture 
induced abnormalities and needs a period of acclimatization to correct them. Under in 
vitro conditions, plants are exposed to low photosynthetic photon flux density (PPFD) 
and high humidity conditions. Once transferred to greenhouse, plants experienced 
water stress because of higher PPFD and low humiditaceous environment. A synergic 
action of high irradiance and water stress reduces the capacity of a photosynthetic 
system to utilize incident radiation and causes oxidative stress through the formation 
of Reactive Oxygen Species (ROS) or Active Oxygen Species (AGS). These include 
Superoxide radicals (02.-), singlet oxygen (102), hydrogen peroxide (H202) and 
hydroxyl radicals (OH.) which causes tissue injury (Foyer et al. 1994). These are 
highly reactive species and can seriously disrupt normal metabolism through 
oxidative damage to membrane lipids, protein pigments and nucleic acid and 
ultimately results in cell death. To counter the hazardous effect of reactive oxygen 
species under stress, plants have developed or have evolved a complex antioxidative 
defense mechanism system which involves both enzymatic and non-enzymatic 
metabolites antioxidant such as Superoxide dismutase (SOD), Catalase (CAT), 
Ascorbate Peroxidase (APX) and Glutathione Reductase (GR) which are efficient 
antioxidant enzymes while the non-enzymatics includes ascorbate (AsA), GSH, 
GSSG and Vitamin E (Sairam et al. 1998 and AJhmed et al. 2002). In the enzymatic 
reactive oxygen species scavenging pathways. Superoxide dismutase converts 
superoxide radicals (02.-) directly to hydrogen peroxide (H202). Furthermore, the 
accumulation of hydrogen peroxide is restricted through the action of catalase or by 
the action of ascorbate-glutathione cycle, where ascorbate peroxidase (APX) reduces 
it to water. Finally, glutathione reductase catalyses the NADPH-dependent reduction 
of oxidized glutathione (GSSG) to reduced glutathione (GSG) (Noctor et al. 2002). 
Changes in Catalase and Superoxide dismutase activity have been reported earlier by 
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Hertwig et al. (1992), Fangmeir et al. (1994) and Sgherri and Navari-Izzo (1995). Van 
Huylenbroeck et al. (1998) investigated the activity of Superoxide dismutase and 
Catalase at different time period during acclimatization. They observed an increase in 
catalase activity with its maximum value after four weeks of acclimatization in both 
Spathiphyllium and Calathea and thereby decreased afterwards, while the total SOD 
activity increased with plant growth and attained a maximum range in the 24th week 
of acclimatization in both the plants. Chakraborty and Datta (2008) reported an 
increase in the activity of all four enzymatic antioxidants viz., SOD, CAT, APX and 
GR in Gerbera reaching its maximum value at the beginning of acclimatization 
process and decreased thereafter. However, after 20 days again these enzymes 
activities increased which may be due to the plantlets being exposed to field 
conditions after 15 days of humidity chamber (80-90% RH) might faced oxidative 
stress again. In Tylophora indica, Faisal and Anis (2010) noticed a time dependent 
variation in the activities of antioxidant enzymes. Increase in SOD activity has been 
noticed in the plantlets acclimatized at high light intensities. Furthermore, the effect of 
high PPFD elicitated an increase in catalase activity during the whole period of 
acclimatization. Likewise, photoexposure of the plantlets with both photosynthetically 
active radiations elevated the level GR against 0 days plantlet. Nonetheless, the APX 
activity increased with varying periods of acclimatization. 
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Chapter 3 
MATERIALS AND METHODS 
3.1 Plant material and explant source 
The experimental material i.e., nodal segments and shoot tips were taken trom a 45-50 
years old mature tree of C. eqiiisetifolia planted in the Arts Gallery ground, Aligarh 
Muslim University, Aligarh. 
3.2 Culture medium 
In vitro regeneration of whole plant greatly depends on the composition of media used. 
Several workers have used various formulations of culture media depending on their 
requirements. In the present study, the basal culture medium proposed by Murashige 
and Skoog (1962) was used for the in vitro cultivation of plant tissues. This medium is 
composed of three basic components; 
•^ Essential elements (supplied as a complex mixture of salts) 
^ An organic supplement (vitamins and amino acids) and 
^ A fixed carbon source (generally supplied as sugar, sucrose). 
For practical purpose, the essential elements are further divided into the following two 
categories; 
a) Macro elements (major or macronutrients): Macro elements are classified 
as those elements which required in concentration greater than 0.5 mM. They 
include nitrogen (N), phosphorous (P), potassium (K), calcium (Ca), 
magnesium (Mg) and sulphur (S). Nitrogen is usually supplied in form of 
ammonium (NH4"^ ) and nitrate (NO3") ions. Nitrate is superior to ammonium as 
the sole N source but use of ammonium checks the increase of pH towards 
alkalinity. 
b) Micro elements (minor or micronutrients): Elements required less than 0.05 
mM. They are also termed as "trace elements". These include manganese 
(Mn), zinc (Zn), boron (B), copper (Cu), molybdenum (Mo) and iron (Fe). 
Most critical of them being iron which is not available at low pH. Moreover, it 
has been observed that iron titrate and citrate precipitate in the medium and 
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pose difficulty in its utilization. Therefore, iron is used in a chelated form of 
EDTA (ethylene diamine tetra acetic acid) to make it available at wide range 
without any precipitation. Na2EDTA usually used with FeS04 which allows 
slow and continuous release of iron into the medium. 
Besides, the WPM and B5 media were used to compare regeneration efficiency with 
MS medium. The different components of these nutrient media have been outlined in 
Table 1. Prepared, B5 and WPM media in powdered were purchased from Ducefa, the 
Netherland. However, the MS medium was prepared in 4 separate stocks as described 
below. 
3.3 Preparation of culture medium 
3.3.1 Preparation of stock solution 
The constituents of MS medium given in table 1 were prepared in four separate stocks 
(Table 2), consisting of I major salts (20x concentrated), II minor salts (200x 
concentrated). III iron salts (lOOx concentrated) and TV organic supplements (lOOx 
concentrated) by dissolving the required amounts in measured volume of double 
distilled water (DDW). These stock solutions were stored in dark bottles at 4 °C in a 
refrigerator to prevent their photolysis and regularly checked for visible 
contamination. To prepare one liter of medium 50 ml of stock solution I, 5 ml of stock 
solution II and 10 ml each of stock solution III and IV were pipette out from the 
respective stock solutions using following formula; 
SiV, = S2V2 
Where, 
Si = Strength of stock solution 
Vi = Volume ofstock solution required 
S2 ~ Strength of desired solution 
V2 = Volume of desired solution 
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Table I. Nutritional composition of different culture media in mg I 
Constituents MS medium (1962) Bs medium (1968) WPM (1980) 
MaeroHUti'Mitis ^ t f l Q 
MgS04-7H20 
KH2PO4 
KNO3 
NH4NO3 
CaClrZHzO 
NH4SO4 
Ca(N03)r4H20 
K2SO4 
NaH2P04 
NH4 H2PO4 
H3BOJ 
MnS04-4H20 
ZnS04-7H20 
Na2Mo04"2H20 
CuS04-5H20 
CoCl2-6H20 
KI 
FeS04'7H20 
^a2EDTA-2H20 
Thiamine HCI 
Pyridoxine HCI 
Nicotinic acid 
Myo-inositol 
Glycine 
370 
170 
1,900 
1,650 
440 
250 
2500 
150 
134 
130.5 
OrganiiiMipplements 
Vitamins 
10.0 
0.1 
1.0 
100 
370 
170 
400 
96 
556 
990 
1.0 
0,5 
0.5 
100 
Table 2. Nutriti(HM|MMaMi|iMMAdii|MH||||||kso for MS medium 
im^lH^^IHHIH^^H 
MgS04-7H20 1 
KH2PO4 
KNO3 
NH4NO3 
CaCh-lHzO 
Stock solution II (200x) 
1 
Stock soluti 
j 
H3BO3 ! 
MnS04-4H20 
ZnS04'7H20 
Na2Mo04-2H20 
CuS04-5H20 
\^ uv i^2 on2v/ 
Kl 
o«///(100x) 
FeS04-7H20 
Na2EDTA-2H20 
Stock solution /I (lOOx) 
1 Thiamine HCl — ^ — ^ — ^ — ^ 
Pyridoxine HCl 
Nicotinic acid 
Myo-inositol 
Glycine 
7,400 
3,400 
38,000 
33,000 
8,800 
1,240 
4,460 
1,720 
50 
1 S 
s 
166 
2,780 
3,730 
10 
50 
M» 
10,000 
200 
3.3.2 Plant growth regulators (PGRs) 
PGRs are the natural plant hormones and their synthetic analogous used for 
determining the developmental pathway of plant cells. In the present study, three main 
classes of PGRs namely cytokinins and auxins (adenine and urea derived) and 
gibberellins were used in different concentrations and combinations. 
^ Auxins- induce cell division, cell elongation, apical dominance, adventitious 
root formation, somatic embryogenesis. When used in low concentration, 
auxins induce root initiation and in high, callus formation occurs. In the 
present study, indole-3-acetic acid (lAA), indole-3-butyric acid (IBA) and a-
naphthalene acetic acid (NAA). 
•^  Cytokinins- promote cell division and stimulate initiation and growth of 
shoots in vitro. 6-Benzyladenine (BA), 6-furfurylaminopurine (Kn), mcta-
topolin (mT), (2-isopentanyladenine (2-iP) and thidiazuron (TDZ) were used in 
the present experimentation, 
v^  Gibberellins- gibbrellic acid (GA3) is mostly used for intemode elongation, 
seed germination and meristem growth. 
For each PGR, separate stock solutions were prepared by dissolving it in a 
small quantity of appropriate solvent (IN NaOH or absolute alcohol) and then the 
desired volume was adjusted with DDW to make an overall concentration of 1 mM. 
The different concentrations of growth regulators used in the present study were 
prepared from stock solutions by using foresaid formula; 
SiVi = S2V2 
3.3.3 Carbon and energy source 
The 3% (w/v) sucrose was used throughout the experiment as a sole carbon and 
energy source. The effect of different energy sources like, sucrose, fructose, glucose 
and galactose on regeneration efficacy of the explants was also assessed with 
optimized combination of PGRs. 
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3.3.4 pH adjustment and gelling of the medium 
The pH of the medium was adjusted to 5.8 by IN NaOH using pH meter (L613, Elico 
Pvt. Ltd., India) before adding sohdifying agent. Then medium was solidified with 
0.8% (w/v) agar or 0.15% (w/v) phytagel and dissolved with the help of a microwave 
oven to make a homogenous solution. The effect of different pH levels (5.0, 5.4, 5.8, 
6.2 and 6.6) on morphogenesis was also assessed using optimal combination of PGRs. 
3.3.5 Glass-wares and the medium filling 
The 15-20 ml nutrient medium was dispensed in 25 x 150 mm capacity culture tubes 
and 50 ml in 100 ml capacity wide mouth flasks. All the culture vessels containing 
media were plugged with non-absorbent cotton wrapped in a single layer of muslin 
cloth (cotton plug). 
3.4 Sterilization 
3.4.1 Sterilization of the medium 
All the culture vessels containing media placed in plastic baskets which were wrapped 
with butter paper uniformly and autoclaved at 121 "C at 1.06 Kg cm'-^  for 15-20 min. 
After autoclaving culture tubes were tilted to prepare slant and left for overnight for 
solidification. These sterilized culture media were kept in the laminar air flow cabinet 
for further sterilization under ultraviolet (UV) radiations. 
3.4.2 Sterilization of glass-wares, DDW and instruments 
All the glass-wares, DDW and instruments like stainless steel forceps and scalpel 
were steam sterilized by autoclaving at 121 "C at 1.06 Kg cm"'^  for 20 min after 
wrapping in aluminum foil or butter paper. 
3.4.3 Sterilization of laminar airflow hood 
Prior to inoculation of explants, the laminar air flow cabinet (horizontal type) was 
sterilized by exposing with UV rays (provided by 30 W UV tube, Phillips, India) at 
least for 15 min followed by switch on the air flow. The working bench of laminar 
airflow hood was disinfected by wiping with 70% ethanol before any experimentation. 
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3.4.4 Sterilization of explant 
Nodal segments were collected from the trees growing at the A.M.U. Campus and 
washed thoroughly under running tap water for half an hour. Hot water treatment was 
given to the explants for 10 to 20 min. Properly washed explants were treated with 5% 
(v/v) freshly prepared Teepol (Qualigens, Mumbai, India), a liquid detergent for 15 
min. and washed thoroughly with ruiming tap water. Care should be taken that no 
detergent is left on the explant. This was followed by surface sterilization with 0.1 % 
(w/v) mercuric chloride (HgCh) for 5 min and then rinsed thoroughly (6-7 times) with 
sterile double distilled water in order to remove traces of sterilant before implantation. 
3.5 Inoculation of sterilized explants and shoot regeneration 
Before starting the inoculation process, the hands were washed with 70% (v/v) ethyl 
alcohol and the surface of laminar airflow was wiped with the same sterilized nodal 
segments (1.0-1.5 cm) of C. equisetifolia were used as explants. Single explant was 
inoculated per culture tube containing regeneration medium. All these operations were 
performed under aseptic conditions of laminar airflow hood using sterilized 
instruments. The forceps and scalpel were time-to-time flame sterilized during 
inoculation by dipping them in rectified spirit followed by flaming and cooling. The 
MS basal medium with or without different cytokinins, BA, mT, Kn, 2-iP and TDZ 
(1.0, 2.5, 5.0, 7.5 and 10.0 i^M) and auxins, NAA, lAA and IBA (0.1, 0.5 and 1.0 ^M) 
either singly or in combination were tried to access the regenerative potentialities of 
explants. The data for shoot induction was recorded after 6 and/ or 8 weeks of culture 
depending up on regeneration capacity of the plant tissues. 
3.6 Shoot proliferation and sub-culturing 
Regenerating cultures were cut into pieces and sub-cultured onto the optimized 
combination of PGRs dispensed in the flasks. Sub-culturing was done up to eight 
passages with 4 weeks of interval. 
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3.7 In vitro rooting 
For complete plantlets development in vitro rooting was performed. The in vitro raised 
microshoots (3.0-4.0 cm) were harvested from shoot clusters and transferred to full 
and half-strength MS media with or without auxins, NAA, lAA and IBA (1.0, 2.5 and 
5.0 )iM). The data for in vitro rooting was recorded after 6 weeks of culture. 
3.8 Culture room conditions 
All the culture vessels were placed in a culture room at 25 ± 2 *^C under a 16-h 
photoperiod with 50 [imol m-^s' photosynthetic photon flux density (PPFD) provided 
by cool white fluorescent tubes (40 W, Philips, India) with 55 ± 5 % of relative 
humidity. 
3.9 Synseed production 
3.9.1 Plant material 
For encapsulation, explants such as nodal segments (2mm long) were dissected 
aseptically from in vitro established (6 weeks old) cultures of C. equisetifolia.. 
3.9.2 Encapsulation matrix 
Different concentrations 1, 2, 3, 4 and 5% (w/v) of sodium alginate were prepared 
using either liquid MS medium (with 3% sucrose) or DDW. For complexation 25, 50, 
75, 100 and 200 mM calcium chloride solutions were prepared. Both, the gel matrix 
and complexing agent were sterilized by autoclaving at 1.06 Kg cm"-^  for 15 min after 
adjusting the pH to 5.8. 
3.9.3 Encapsulation and in vitro germination 
Encapsulation was accomplished by mixing the nodal segments into sodium alginate 
solution and dropping them into calcium chloride solution. The droplets containing 
explants were held for at least 20-25 min to achieve polymerization of the sodium 
alginate. The alginate beads were then collected, rinsed with sterile liquid MS medium 
and transferred to sterilized filter paper placed in Petri-dishes for 5 min under the 
laminar airflow hood to absorb the excess of water and thereafter planted in wide 
mouth flask containing germination media. Synseeds having the gel matrix of MS 
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medium were used for the optimization of germination medium. All the cultures were 
maintained at the same temperature, light and humidity as stated above for shoot 
induction and multiplication. The data for percent germination frequency of 
encapsulated beads was recorded after 6 weeks of culture on germination medium. 
3.9.4 Low temperature storage 
Three types of synseeds (encapsulated nodal segments having MS or DDW gel matrix 
and non-encapsulated nodal segments) were kept in sterilized beakers (moistened with 
DDW) sealed with two layers of Para Film and stored in a laboratory refrigerator at 4 
°C. Five different exposure times (1, 2, 4, 6 and 8 weeks) were evaluated for synseed 
regeneration. After each storage period, encapsulated and non-encapsulated nodal 
segments were placed on to the optimized concentration of PGR for synseed 
conversion into plantlets. The complete plantlets (shoot and root) from synseeds were 
recovered after 6 weeks of culture. 
3.9.5 Direct sowing 
Non-stored encapsulated nodal segments were also sown directly in soilrite moistened 
with tap water or quarter strength MS salts, soilrite and garden soil mixture (1: 1) 
moistened with tap water or quarter-strength MS salts for ex vitro conversion into 
plantlets. The germination percentage of encapsulated nodal segments was recorded 
after 8 weeks of sowing. 
3.10 Hardening and acclimatization 
Plantlets with well-developed roots were removed from the culture medium and after 
washing the roots gently under running tap water to remove the adhering medium; 
plantlets were immersed in 1% (w/v) Bavistin for half an hour, then transferred to 
thermocol cups (expanded polystyrene) containing autoclaved vermi-compost: garden 
soil : sand ( 1 : 2 : 1 ) , soibite and vermi-compost and irrigated with tap water as per 
requirement. The plantlets were covered with transparent polythene membrane to 
ensure high humidity for initial 2 weeks and then opened gradually in order to 
acclimatize plantlets to field conditions. After 4 weeks, successfiilly acclimatized 
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plantlets were transferred to sterilized earthen pots filled with garden soil and green 
manure (2: 1). The potted plantlets were initially maintained inside the culture room 
conditions (4 weeks) and then transferred to greenhouse (4 weeks). Afterwards, the 
plantlets were transferred to field under fiill sun for fiirther growth and development. 
3.11. Physiological and biochemical studies of in vitro regenerated plants during 
acclimatization 
A set of in vitro regenerated plantlets with well developed shoot and roots were 
transplanted in sterile composition of vermi-compost + garden soil + sand (1 : 2 : 1) 
and placed in culture room at 25 ± 2 °C and 16/8 h photoperiod at 70-80% RH for 30 
days under controlled conditions at 50 nmolm-2s-l PPFD. Light was provided by 
Philips (India) lamp. Shoot samples were taken at transplantation day (day 0, control) 
and after 07, 14, 21, 28 days and stored in liquid nitrogen for biochemical analysis. 
3.11.1 Chlorophyll and carotenoids estimation 
The chlorophyll (chl a, b and total) and carotenoids contents from shoot tissue were 
estimated by using the method of MacKinney (1941) and MaChlachlan and Zalick 
(1963) respectively. 
3.11.1.1 Procedure 
About 100 mg fresh tissues from shoots were grinded in 5 ml acetone (80%) with the 
help of mortar and pestle. The suspension was filtered with Whatman filter paper 
number-1, if necessary the supernatant was re-grinded, washed and filtered, the total 
filtrate was taken in graduated test tubes and final volume was made up to 10 ml with 
80% acetone. 
3.11.1.2 Estimation 
For chlorophyll contents, the optical density (O.D.) of above said solution was read at 
645 and 663 nm and for carotenoids, the O.D. was read at 480 and 510 nm with the 
help of a spectrophotometer (UV-Pharma Spec 1700, Shimadzu, Japan). The 
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chlorophyll and carotenoids contents were calculated according to the formula given 
below; 
Chlorophyll a (mg g"' fresh tissue) 
^ 12J{0D.663)-2.69{0.DM5)^^^ 
lOOOx^ T 
Chlorophyll b (mg g ' fresh tissue) 
^ 22.9(QX>.645)- 4.68(O.Z).663) ^  ^^  
lOOOxr 
Carotenoids (mg g"' fresh tissue) 
7.6(aZ).480)-1.49(0.^51 o) ^ ^ ^^  
DxlOOOxW 
Where, 
O.D. = Optical density at given wavelength 
V = Final volume of chlorophyll extract in 80% acetone 
W = Fresh weight of shoot tissue 
D = Length of light path 
3.11.2 Total soluble protein estimation 
The total soluble protein content of the shoots of regenerants was estimated following 
the method of Bradford (1976) using bovine serum albumin (BSA, Sigma, USA) as 
standard. 
3.11.2.1 Procedure 
Extraction of total soluble protein 
500 mg of fresh shoot material was homogenized in 5 ml of 0.1 M phosphate buffer 
(extraction buffer) at 4 °C with the help of a pre-chilled mortar and pestle, and kept in 
an ice box during the process of homogenization. The homogenate was transferred to a 
30 ml centrifiige tube and centrifuged at 5000 rpm for 10 min at 4 °C. An equal 
amount of chilled 10% TCA was added to 1 ml of the supernatant, which was again 
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centrifuged at 3300 rpm for 10 min. The supernatant was discarded and the pellets 
were washed with acetone. It was then dissolved in 1 ml of 1 N NaOH. 
Estimation of total soluble protein 
To 0.1 ml of aliquot, 0.5 ml of Bradford's reagent was added and mixed using vortex 
mixer. The tubes were kept for 10 min for optimal color development. The absorbance 
was then recorded at 595 nm on a UV-visible spectrophotometer. The soluble protein 
concentrations were quantified with the help of a standard curve prepared from the 
standard of Bovine Albumin Serum (BSA) from Sigma, USA. The protein content was 
expressed in mg g-1 fresh weight. 
3.11.2.2 Preparation of Reagents 
Extraction buffer 
O.IM Phosphate buffer (pH 7.2) was used as extraction buffer. The solution of 
potassium dihydrogen phosphate (KH2PO4) and dipotassium hydrogen phosphate 
(K2HPO4) was prepared in the following manner: 
Solution A: 1.34 g of KH2PO4 was dissolved in DDW and the volume was made to 
100 ml. 
Solution B: 1.74 g K2HPO4 was dissolved in DDW and the volume was made to 100 
ml. 
Solution A and B were mixed in an appropriate ratio to adjust the pH at 7.2 with the 
help of a pH meter. 1.0 g PVP was added to 100 ml of this buffer. 
10% (w/v) TCA 
10 g of TCA was dissolved in DDW to make a final volume of 100 ml. 
0.1 NaOH 
0.4 g of NaOH pellets was dissolved in DDW to make a final volume of 100 ml. 
Bradford's reagent 
50 ml of ethanol was mixed to 100 ml of orthophosphoric acid (85%). Its volume was 
made upto 1 L and 100 mg of Coomassie Brillian Blue (G) dye was added to it which 
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was stirred well on a magnetic stirrer in dark covered volumetric flask. The solution 
was then filtered through Whatman filter paper number-1 and stored in dark 
conditions. Resultant reagent was called Bradford's reagent. The final concentration of 
components in the reagent were 0.01% Coomassie Brillian Blue G-250 (w/v), 4.75% 
ethanol (w/v) and 8.5% O-phosphoric acid (w/v). 
3.12 Scanning electron microscopic (SEM) examination 
The 3- to 4-week-old cultures showing multiple shoot bud induction derived from 
nodes. Scarming electron microscopic (SEM) study was done for determining the 
pattern of shoot buds formation. The samples were fixed in 2% buffered 
gluteraldehyde overnight at 4 °C, rinsed in 0.1 M sodium phosphate buffer, pH 7.0, 
and then dehydrated in an ascending acetone series from 30 to 90%. After dehydration 
the samples were dried in liquid carbon dioxide at a critical point, mounted on 
aluminum stubs with silver paint and coated with gold. The mounted specimens were 
examined with SEM 50IB Scanning Electron Microscope (Phillips, Holland) at 10 
KV and images were captured digitally. 
3.13 Chemicals and glass-wares used 
Vitamins and amino acids (Thiamine HCl, Pyridoxine HCi, Nicotinic acid. Myo-
inositol and Glycine) and PGRs (BA, Kn, 2-iP, TDZ, lAA, IBA, NAA) were obtained 
from Sigma-Aldrich, Germany. The other chemicals like major and minor salts, 
sucrose, gelling agents (agar and phytagel), sterilants (Bavistin, Teepol and HgCh), 
sodium alginate etc. were purchased from Qualigens, MERCK, SRL and /or Central 
Drug House. All chemicals used were of analytical grade. 
Glass-wares such as, test tubes (25 x 150 mm), Petri-dishes (17 x 100 mm), wide 
mouth flasks (100 ml), beakers (100, 250 and 500 ml) etc. used during the experiment 
were procured from Borosil, India. 
3.14 Statistical analysis 
The data was pooled from 3 separate experiments each with 20 replicates and analyzed 
statistically using SPSS version 17 (SPSS Inc., Chicago, IL, USA). The significance 
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of differences among means was analyzed using Tukey's test at 5% level of 
significance and data represented as mean ± standard error (SE). 
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OBSERVATIONS AND RESULTS 
4.1 Collection of explants 
The experimental materials i.e., nodal segments and shoot tips were taken from a 45-
50 years old mature tree. The nodal segments (1-1.5 cm) were excised and used as 
explants for multiple shoots regeneration (Fig. 1 A «& B). It was also observed that 
nodal segments taken from 5-8 cm below the shoot tips were only shows the axillary 
bud sprouting. Therefore nodal region just below the shoot tip was not responsive as 
much as older but green region of shoot so only nodal segments were only used as 
explants in place of shoot tips. 
4.1.1 Effect of season on culture establishment 
Seasonal fluctuation significantly affected the proliferation potential of the explants. 
Fungal contamination was the major obstacle in the establishment of cultures. To 
determine the most suitable period for culture establishment the plant material was 
collected each month from April 2013 to March 2014 and inoculated on optimal 
concentration of BA (5.0 pM). Explants collected during the growing season (March 
to June) contributed 80.15 ± 0.26% establishment of sterile cultures out of which 
70.05 ± 0.10% showed axillary bud sprouting (Table 3). During July to October, 
period corresponding to rainy season in Aligarh, there was a huge contamination 
(89.87 ± 0.10%) and only 10.13 ± 0.15% sterile cultures were survived out of which 
5.02 ± 0.02% showed axillary bud sprouting. During November to February, only 
40.06 ± 0.21% sterile cultures were obtained out of which 29.96 ± 0.01% showed 
axillary bud sprouting. Therefore, March to June was the best period for culture 
initiation and in vitro establishment of C equisetifolia. 
4.1.2 Nodal segment culture 
Mature nodal explants remained green and fresh but no shoot regeneration was 
noticed on MS basal medium and necessitated the PGR's supplementation for axillary 
bud sprouting. Thus, different concentrations (0.1, 0.25, 0.5, 1.0, 2.5, 5.0, 7.5 andlO.O 
pM) of various cytokinins (BA, mT, Kn, 2iP and TDZ) were tested with or without 
varying concenfrations (0.1, 0.5 and 1.0 pM) of auxins (NAA, IB A and lAA). 
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4.1.2.1 Effect of cytokinins on multiple shoot regeneration 
Sterilized nodal explants of C. equisetifolia were cultured on MS medium 
supplemented with four different cytokinins viz; BA, mT, Kn and 2iP, for the 
induction of direct multiple shoot bud regeneration. All the four cytokinins produced 
multiple shoots, however, the percent response and the number of shoots/explant 
along with shoot length varied with the type and concentration (1.0, 2.5, 5.0, 7.5 and 
10.0 nM) of the cytokinins tried. Among four cytokinins tested, BA was found to be 
the best in providing maximiim number of shoots/explant with highest regeneration 
potential, while mT, Kn and 2iP were proved to be lesser effective (Table 4). 
Initial response was shown as swelling of explants at nodal region by the 
emergence of small shoot buds in a whorl from the axil of each scaly leaf and form a 
crown like structure after 18 days of incubation followed by multiple shoot buds 
differentiation after 25 days of culture. The medium comprised of MS + BA (1.0 ^M) 
produced 8.94 ± 0.33 shoots/explant with an average shoot length of 1.24 ± 0.06 cm 
in 30% cultures after 8 weeks of inoculation. The number of shoots/explant further 
increased with an increase in the concentration of BA to 5.0 ^M, and beyond that a 
decline in percent response and number of shoots was observed. On this medium 
explant swelled within 18 days and produced muhiple shoot buds after 21 days of 
culture with the production of 23.90 ± 0.40shoots/explant having shoot length of 1.72 
± 0.07 cm with highest 70% regeneration potential in 8 weeks of time span (Fig, 2 A, 
B, C & D), (Fig. 3 A). At 10.0 ]xbA of BA, the number of shoots/explant was reduced 
to 11.68 ± 0.56 with an average shoot length of 1.24 ± 0.05 cm in only 40% cultures 
after 8 weeks. Slight callusing was observed at the base of the regenerative tissues in 
all the four cytokinins tested which hampered the growth and development of new 
shoot buds. Thus, the callus was regularly removed from the base of the tissue by 
frequent transferring of the cultures onto the fresh medium of same composition after 
every 3 weeks. 
Among mT, Kn and 2iP, mT exhibited better response than Kn and 2iP 
although it was much less than BA supplemented media. In contrast to BA, mT was 
effective at lesser concentration (2.5 \M) but Kn and 2iP were effective at higher 
concentration (7.5 \iM). On 2.5 jxM of mT, induction of shoot buds took place after 25 
days of inoculation and produced a maximum of 16.80 ± 0.58 shoots/explant having 
shoot length of 1.46 ± 0.05 cm with a regeneration potential of 60% at the end of 8 
weeks of culture (Fig. 3 B). Kn at the higher concentration (7.5 pM) produced 11.14 
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Explanation of Figure 1 
A. 45-50 years old mature mother plant. 
B. Nodal segments of C. equesitifolia used as explants. 
Figure 1 
Explanation of Figure 2 
A. Multiple shoot induction from nodal segment on MS + BA (5.0 ^M) - 3 
weeks old culture. 
B. Close up view of fig. A showing direct multiple shoot regeneration. 
C. «& D -do- 5 weeks old culture. 
Figure 2 
Explanation of Figure 3 
A. Induction & Multiplication of shoots from nodal explants on MS + BA 
(5.0 ^M) - 8 weeks old culture. 
B. Induction & Multiplication of shoots on MS + mT (2.5 ^M) - 8 weeks old 
culture. 
C. Induction & Multiplication of shoots on MS + Kn (7.5 ^M) - 8 weeks old 
culture. 
D. Induction & Multiplication of shoots on MS + 2ip (2.5 jiM) - 8 weeks old 
culture. 
Figure 3 
Table 3. Effect of season on in vitro culture establishment in 
Casuarina equisetifolia after 15 days of culture 
Month 
March-May 
June- October 
November-February 
Percentage sterile 
80.15 ±0.26' 
10.13 iClS-^ 
40.06 ±0.21'' 
Percentage 
sterile sprouted 
70.05 ±0.10^ 
5.02 ±0.02" 
29.96 ±0.01'' 
Percentage 
contaminated 
19.85 ±0.01' 
89.87 ±0.10' 
59.94 ±0.01" 
k 
Values represent Mean ± SE of 10 replicates each from two collections during the 
first week of each month mentioned. Means followed by the same letter within 
columns are not significantly different (P = 0.05) using Duncan's multiple range test 
(DMRT). 
Table 4. Effect of different cytokinin concentrations on direct shoot 
regeneration from nodal explant of C. equisetifolia after 8 weeks of 
culture 
PGR 
(^M) 
BA mT 1 Kn 2ip 
Control 
1.0 
2.5 
5.0 
7.5 
10.0 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
1.0 
2.5 
5.0 
7.5 
10.0 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
1.0 
2.5 
5.0 
7.5 
10.0 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
1.0 
2.5 
5.0 
7.5 
10.0 
Regeneration 
(%) 
00 
30 
40 
70 
50 
40 
40 
60 
30 
40 
50 
40 
40 
50 
60 
50 
30 
40 
50 
60 
40 
Mean no. of 
shoots/explant 
0.00 ± 0.00' 
8.94 ±0.33" 
12.36 ±0.30*= 
23.90 ± 0.40'' 
15.80 ±0.73'' 
11.68 ±0.56'='* 
9.64 ± 0.51''" 
16.80 ±0.58^" 
11.52 ±0.13'=" 
8.70 ± 0.20''"'" 
7.76 ± 0.34*'^  
3.38 ±0.18'^ 
5.64±0.18'J 
7.42 ± 0.47^ 
11.14 ±0.35" 
6.20 ±0.37^' 
2.46 ±0.21' ' 
4.62±0.18J 
4.78 ± 0.12J 
6.72 ±0.218'^ 
3.10 ±0.04'' 
Mean shoot 
length (cm) 
0.00 ±0. 00'' 
1.24 ±0.06'"'= 
1.56 ±0.06^'' 
1.72 ± 0.07" 
1.38 ±0.03'''=" 
1.24±0.05'"'-' 
1.32 ±0.05^"^ 
1.46 ± 0.05*"= 
1.38 ±0.03"'" 
1.22 ±0.05"" 
1.24 ±0.06'="" 
0.82 ± 0.05^ 
0.90 ± 0.03'= 
0.82 ± 0.05^ 
1.10 ±0.20"*^ 
0.94 ± 0.05''^  
1.10 ±0.04"' 
1.24 ±0.06'"" 
1.34 ±0.05''"" 
1.36 ±0.09''"" 
1.18 ±0.06"" 
Values represent Mean ± SE of three repeated experiments with 10 replicates each. 
Means followed by the same letter within columns are not significantly different 
(P = 0.05) using Duncan's multiple range test (DMRT). 
± 0.35 shoots/explant with 1.10 ± 0.20 cm of shoot length in 60% cultures after 8 
weeks of culture (Fig. 3 C). While 2iP at the same concentration produced 6.72 ± 
0.21 shoots/explant with 1.36 ± 0.09 cm of shoot length in 60% cultures after 8 weeks 
of culture (Fig 3 D; Table 4). 
4.1.2.2 Effect of cytokinin-auxin combinations on shoot regeneration 
For ftirther improvement in multiple shoots differentiation, the nodal explants were 
also cultured on MS medium containing the optimal concentrations of each cytokinin 
with different concentrations (0.1, 0.5 and 1.0 tiM) of auxins (NAA, IBA and lAA). 
Among various combination treatments, BA + NAA was proved much efficient for 
inducing multiple shoot buds which later on converted into healthy shoots. The MS 
medium containing BA (5.0 ^M) + NAA (0.1 ^M) produced 23.40 ± 0.50 
shoots/explant with a shoot length of 3.54 ± 0.02 cm in 60% of cultures in 8 weeks of 
incubation. A slight increase in the concentration of NAA proved significantly better 
for enhanced regeneration efficiency of shoot buds which were initiated within 16 
days of incubation (Fig. 4 A & B). On MS medium containing BA (5.0 ^M) + NAA 
(0.5 \xM), on this medium a maximum 32.00 ± 0.31 shoots/explant having highest 
shoot length of 3.94 ± 0.02 cm were produced with regeneration potential of 70% 
within 8 weeks of incubation (Fig. 4 C). 
Although regeneration efficiency was significantly improved on BA + NAA 
containing media, but the callogenic potential was remain a problem for further 
multiplication and growth in shoots. Addition of AC (500mg/100ml) in the optimal 
medium of BA and NAA was employed for checking the callogenesis which worked 
effectively and promoted the healthy shoots development (Fig. 4 D). The higher 
concentration of NAA (1.0 |aM) resulted in heavy callusing which restricted the 
growth and development of new shoots reducing the mean number of shoots/explants 
(22.60 ± 0.24) as well as percent response (50%). Between other two auxins IBA and 
lAA, IBA at various levels provided better responses than lAA. On MS + BA (5.0 
^iM) + IBA (0.1 nM) shoot buds were differentiated after 21 days of inoculation 
producing a maximum of 20.60 ± 0.24 shoots/explants having 3.72 ± 0.03 cm of shoot 
length in 60% cultures after 8 weeks of incubation. While, lAA (1.0 ^M) provided 
19.80 ± 0.20 shoots/explant having shoot length of 3.40 ± 0.03 cm with 60% response 
in 8 weeks of incubation (Table 5). 
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Among various combinations treatments of mT (2.5 \iM) and auxins, mT + 
IBA at various concentrations found to be effective for the enhanced regeneration of 
muhiple shoots than the single mT treatments. The MS medium containing mT (2.5 
|a,M) + IBA (0.1 p,M) produced 14.80 ± 0.37 shoots/explant having shoot length of 
3.78 ± 0.05 cm with regeneration response of 60% after 8 weeks of culture. The 
number of shoots further increased to 25.50 ± 0.37 shoots/explant with maximum 
shoot length of 3.87 ± 0.02 cm at 0.5 |xM IBA concentration and the percent response 
was also enhanced to 70% (Fig. 5 A). Beyond this optimal level of IBA, a decrease in 
response was observed at 1.0 ^M. Application of NAA and lAA was found to be 
significantly lesser effective than IBA with mT (2.5 jiM). At an optimal concentration 
of 0.5 nM, an average of 15.30 ± 0.31 and 15.40 ± 0.31 shoots/explant were produced 
with NAA and lAA respectively (Table 6). 
Like BA and mT various combinations treatments of Kn (7.5 i^ M) and auxins 
were also tried, Kn + IBA at various concentrations found to be effective for the 
enhanced regeneration of multiple shoots than the single Kn treatments. Shoot buds 
were initiated within 18 days of incubation. The MS medium containing Kn (7.5 \iM) 
+ IBA (0.1 i^ M) produced 13.02 ± 0.05 shoots/explant having shoot length of 3.66 ± 
0.02 cm with regeneration response of 60% after 8 weeks of culture. The number of 
shoots further increased to 15.22 ± 0.03 shoots/explant with maximum shoot length of 
3.85 ± 0.04 cm at 0.5 nM IBA and the percent response was also enhanced to 70% 
(Fig. 5 B «& C). Beyond this optimal level of IBA, a decrease in response was 
observed at 1.0 |aM because of heavy callusing. NAA and lAA were found to be less 
effective than IBA with Kn (7.5 \M). At an optimal concentration of 0.5 i^M, an 
average of 10.22 ± 0.05 and 12.26 ± 0.05 shoots/explant were produced with NAA 
and lAA respectively (Table 7).Similarly, 2iP also found to im.prove the induction of 
multiple shoots with auxin lAA but exhibited delayed response, shoot buds were 
initiated after 22 days of incubation. An average of 12.54 ± 0.21 shoots/explant 
having shoot length of 3.82 ± 0.04 cm in 60% cultures were obtained on medium 
comprised of MS + 2-iP (7.5 |xM) + lAA (0.1 [iM) (Fig. 5 D). NAA and IBA at an 
optimal concentration of 0.1 i^ M along with 7.5 ^M 2-iP produced 5.20 ± 0.07 and 
9.94 ±0.13 shoots/explants respectively after 8 weeks of culture (Table 8). 
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Table 5. Effect of optimal concentration of BA (5.0 ^M) with different auxins on 
direct shoot regeneration through nodal segments of C. equisetifoUa after 8 weeks 
of culture 
Auxin (HM) 
NAA 
0.1 
0.5 
1.0 
-
-
-
-
-
-
IBA 
-
-
-
0.1 
0.5 
1.0 
-
-
-
lAA 
~ 
-
-
-
-
-
0.1 
0.5 
1.0 
Regeneration 
(%) 
60 
70 
50 
60 
50 
40 
50 
40 
60 
Mean no. of 
shoots/explant 
23.40 ± 0.50*" 
32.00 ± 0.3 r 
22.60 ± 0.24'' 
20.60 ± 0.24'' 
19.60 ±0.24*^ 
15.40 ±0.24'' 
10.20*0.20*= 
15.40 ±0.24'' 
19.80 ±0.20*^ 
Mean 
shoot 
length (cm) 
3.54 ±0.02'' 
3.94 ±0.02' 
3.68 ± 0.02*"' 
3.72 ±0.03'^ 
3.60 ±0.04'^ ^^ ' 
3.58 ±0.02^"' 
3.14 ±0.02' 
3.32 ± 0.07'^  
3.40 ±0.03' 
Values represent Mean ± SE of three repeated experiments with 10 replicates each. 
Means followed by the same letter within columns are not significantly different 
(P = 0.05) using Duncan's multiple range test (DMRT). 
Table 6. Effect of optimal concentration of mT (2.5 ^M) with different auxins on 
direct shoot regeneration through nodal segments of C. equisetifolia after 8 weeks 
of culture 
Auxin (^M) 
NAA 
0.1 
0.5 
1.0 
-
-
~ 
~ 
~ 
IBA 
-
-
-
0.1 
0.5 
1.0 
" 
~ 
lAA 
-
-
-
-
-
-
0.1 
0.5 
1.0 
Regeneration 
(%) 
50 
60 
40 
60 
70 
50 
50 
70 
60 
Mean no. of 
shoots/explant 
10.20 ±0.37*" 
15.30 ± 0 . 3 r 
11.40 ±0.24^ 
14.80 ±0.37' 
25.50 ±0.37^ 
19.20 ±0.37'' 
11.80 ±0.37"" 
15.40±0.31'^ 
12.60 ±0.24'' 
Mean shoot 
length (cm) 
3.58 ±0.03" 
3.44 ±0.02'" 
3.26 ±0.04^ 
3.78 ±0.05'^' 
3.87 ±0.02^' 
3.86 ±0.04''' 
3.64 ±0.04''" 
3.72 ±0.02"'' 
3.84 ± 0.02=''' 
Values represent Mean ± SE of three repeated experiments with 10 replicates each. 
Means followed by the same letter within columns are not significantly different 
(P = 0.05) using Duncan's multiple range test (DMRT). 
Table 7. Effect of optimal concentration of Kn (7.5 ^M) with different auxins on 
direct shoot regeneration through nodal segments of C equisetifolia after 8 weeks 
of culture 
Auxms(^M) 
NAA 
0.1 
0.5 
1.0 
-
-
-
-
-
-
IBA 
-
-
-
0.1 
0.5 
1.0 
-
-
-
lAA 
-
-
-
-
-
-
0.1 
0.5 
1.0 
Regeneration 
(%) 
60 
50 
40 
60 
70 
50 
50 
60 
70 
Mean no. of 
shoots/explants 
11.80 ±0.23'' 
10.22 ±0.05^ 
8.22 ± 0.03'' 
13.02 ±0.05'^ 
15.22 ±0.03' 
10.26 ±0.16' 
10.20 ±0.03 ' 
12.26 ±0.05'' 
13.74 ±0.04'' 
Mean shoot 
length (cm) 
3.52 ±0.03' 
3.64 ±0.02'' 
3.62 ±0.03'" 
3.66 ±0.02'' 
3.85 ± 0.04' 
3.52 ±0.03*^ • 
3.52 ±0.03' 
3.84 ±0.02' 
3.78 ±0.03' 
Values represent Mean ± SE of three repeated experiments with 10 replicates each. 
Means followed by the same letter within columns are not significantly different 
(P = 0.05) using Duncan's multiple range test (DMRT). 
Table 8. Effect of optimal concentration of 2iP (7.5 ^M) with different auxins on 
direct shoot regeneration through nodal segments of C. equisetifolia after 8 weeks 
of culture 
Auxins(^M) 
NAA 
0.1 
0.5 
1.0 
-
-
-
-
-
-
IBA 
-
-
-
0.1 
0.5 
1.0 
-
-
-
lAA 
-
-
-
-
-
-
0.1 
0.5 
1.0 
Regeneration 
(%) 
40 
50 
60 
60 
50 
40 
60 
50 
40 
Mean no. of 
shoots/explant 
5.20 ±0.07^ 
7.30 ± 0.07^ 
9.16 ±0.05= 
9.94 ±0.13*' 
8.02 ± 0.07'' 
6.30 ±0.24^ 
12.54 ±0.21^= 
9.46 ±0.38'"^ 
8.24 ± 0.07'' 
Mean shoot 
length (cm) 
3.78 ±0.03'' 
3.70 ±0.03'' 
3.70 ±0.04'' 
3.54 ±0.05= 
3.72 ±0.03'' 
3.82 ± 0.03''' 
3.82 ± 0.04"'' 
3.82 ±0.03^'^ 
3.54 ±0.05= 
Values represent Mean ± SE of three repeated experiments with 10 replicates each. 
Means followed by the same letter within columns are not significantly different 
(P = 0.05) using Duncan's multiple range test (DMRT). 
Explanation of Figure 4 
A. Multiple shoots development on MS + BA (5.0 fiM) + NAA (0.5 nM) - 3 
weeks old culture. 
B. -do - 5 weeks old culture. 
C. -do - 8 weeks old culture. 
D. Multiplication and elongation of shoots without any callus formation on 
MS + BA (5.0 ^M) + NAA (0.5 ^M) + AC - 8 weeks old culture. 
Figure 4 
Explanation of Figure 5 
A. Induction & MultipUcation of shoots on MS + mT (2.5 jiM) + IBA (0.5 
jiM) - 8 weeks old culture. 
B. Induction & Multiplication of shoots on medium comprised of MS + Kn 
(7.5 fiM) + IBA (0.5 fiM) - 6 weeks old culture. 
C. -do - 8 weeks old culture. 
D. Induction & Multiplication of shoots on medium comprised of MS + 2ip 
(7.5 jiM) + lAA (0.1 nM) - 8 weeks old culture. 
Figure 5 
4.1.2.3 Effect of thidiazuron (TDZ) on multiple shoot regeneration 
Various concentrations of TDZ (0.1-5.0 |iM) were tried for direct shoot regeneration 
but none of the nodal explants induce direct shoot formation. The nodal explants 
started to callus at all the concentrations of TDZ tested. The frequency of callogenesis 
varied from 40.00 ± 3.16 to 100.00 ± 0.00% according to the concentration (Table 9). 
Callus initiated from the cut ends of explants after 2 week of culture and then spread 
over the surface. Calli on TDZ containing media showed compact growth and 
characterized by dark-green, light-green to dark brown in appearance. 
Three types of responses were observed on TDZ comprised nutrient media. 
The first type of response (Ci) that corresponded to the explants that after initial 
swelling rapidly converted to callus without any sign of regeneration. This response 
was observed on lower concentrations of TDZ (0.1-0.50 and 2.5 fiM) (Fig .6 A, B, C 
& E). In the second type (C2) after initial swelling explants produced brownish-green 
calli showing purplish-red pigmentation due to anthocyanin accumulation followed by 
the emergence of bud-like proturbances from the callus tissues but they failed to grow 
into shoot bud even after transferred to the regeneration media (Fig. 6 D). Such callus 
was induced on 1.0 )iM TDZ. While, on the highest level of TDZ (5.0 i^ M) exerted 
third type of response (C3) which involved intense greenish-white to brown 
franslucent callus formation with one or two bud like structures, but buds ceased to 
grow fiirther and failed to show any organogenic activity (Fig. 6 F) . 
4.1.2.4 Effect of subculture passages on shoot multiplication and proliferation 
For further proliferation, the regenerating tissues were sub-cultured continuously (up 
to 6'^  sub-culture passage) to the fresh medium supplemented with an optimized 
treatment of PGRs respective to nodal explants. The MS medium with BA (5.0 |iM) 
and NAA (0.5 \iM) was used for nodal explants. Sub-culturing gradually increased 
the regeneration efficiencies of nodal explants. The shoots grew vigorously that made 
their processing (during sub-culturing) difficult. During sub-culturing, the excised 
shoots were simultaneously transferred to root induction medium, while the remaining 
tissues were again sub-cultured on to the fresh regeneration medium. For nodal 
explants, the frequency of direct shoot multiplication increased considerably from 
first sub-culture to fourth sub-culture (42.20 ± 0.82 shoots/explant) and remained 
almost consistent at fifth sub-culture passage (41.20 ± 0.83 shoots/explant), but 
declined thereafter with reduced shoots after every sub-culture passages, 
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As well as various abnormalities like yellowing of shoots with uneven growth with 
the loss of vigour was observed on same medium (Fig. 7). 
4.1.3 Effect of different culture media on shoot regeneration 
The effect of different basal media (MS, WPM and B5) supplemented with an optimal 
concentration of BA (5.0 |aM) and NAA (0.5 fiM) on culture establishment and shoot 
regeneration was evaluated. The results revealed a significant effect of media 
formulation on percentage bud break, shoot number and shoot length. Among the 
different basal media tested, MS medium was found best for the growth of cultures. 
The number of shoots (32.00 ±0.31) and their length (3.94 ± 0.02) were highest on 
MS medium followed by WPM (23.50 ± 0.58 shoots) and B. (15.00 ± 0.31 shoots) 
media in deceasing order after 8 weeks of culture. Consequently, in all subsequent 
experiments only MS medium was used (Fig. 8) 
4.1.4 Effect of pH 
The effect of different pH values (5.0, 5.4. 5.8, 6.2 and 6.6) was tested with nodal 
explants in the MS medium containing optimized concentrations of BA (5.0 i^ M) and 
NAA (0.5 |J.M). The lower pH values (5.0 and 5.4) proved to be inhibitory for shoot 
multiplication and produced 14.56 ± 0.34 and 24.83 ± 0.27 shoots/explant at pH 5.0 
and 5.4 respectively after 8 weeks of culture. The optimum pH value found to be 5.8, 
where a maximum of 32.00 ± 0.31 shoots/explant with 3.94 ± 0.02 cm shoot length 
were harvested after the same time period. High pH values also retarded the rate of 
shoot multiplication because at higher pH values the medium became hard in texture 
and hampered the development of shoots. The number of shoots was reduced to 23.23 
± 0.49 and 13.26 ±0.17 shoots/explant at pH 6.2 and 6.6 respectively (Fig. 9). 
4.1.5 Effect of different carbon sources on shoot regeneration 
Different concentrations (1, 2, 3, 4 and 5%) of sucrose were also tested with nodal 
explants on the optimal medium i.e., MS + BA (5.0 ^M) + NAA (0.5 \M) to 
investigate the effect of sucrose concentrations on shoot morphogenesis. The best 
response was obtained with the optimal 3% sucrose, producing a maximum of 32.00 ± 
0.31 shoots/explant having maximum shoot length of 3.94 ± 0.02 cm after 8 weeks of 
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Table 9. Effect of different concentrations of TDZ on callus induction through 
nodal segments of C. equisetifolia after 8 weeks of culture 
TDZ (fiM) 
0.00 
0.10 
0.25 
0.50 
1.00 
2.50 
5.00 
% Response 
0.00 ± 0.00*^  
40.00 ±3.16" 
54.00 ±3.16'^ 
72.00 ±3.74'^ 
84.00 ± 2.44'' 
92.00 ± 2.00'' 
100.00 ±0.00' 
Frequency 
of 
callogenesis 
+ + 
+ + 
+ + 
+ + 
+ + + 
+ + + 
Texture of callus 
Dark-green, compact 
Greenish-white, 
compact 
Light-green,compact 
Brownish-green, 
friable, pigmented 
Brown 
Greenish-white 
Remark 
CI 
CI 
CI 
C2 
CI 
C3 
Values represent Mean ± SE of three repeated experiments with 10 replicates each. Means 
followed by the same letter within columns are not significantly different (P = 0.05) using 
Duncan's multiple range test (DMRT).. 
-.+, + +, + + +, indicate no, slight, moderate, intense callusing respectively 
C :^ non-organogenic callus. 
C :^ less organogenic callus with red pigmentation. 
C :^ less organogenic callus. 
Explanation of Figure 6 
A. Production of dark green, compact and non-organogenic callus on MS + 
TDZ (0.10 ^M) - 8 weeks old culture. 
B. Production of greenish-white, compact and non-organogenic callus on MS 
+ TDZ (0.25 ^M) - 8 weeks old culture. 
C. Production of light green, compact and non-organogenic callus on MS + 
TDZ (0.50 nM) - 8 weeks old culture. 
D. Production of brownish-green, friable, pigmented and less-organogenic 
callus on MS + TDZ (1.0 ^M) - 8 weeks old culture. 
E. Production of brown, compact and non-organogenic callus on MS + TDZ 
(2.50 nM) - 8 weeks old culture. 
F. Production of greenish-white, compact and less-organogenic callus on MS 
+ TDZ (5.0 ^M) - 8 weeks of culture. 
Figure 6 
Mean shoot number/explant 
Mean shoot length (cm) 
3.90 o 
1 2 3 4 5 6 
Subculture passages 
Figure 7 . Effect of subculture passages on multiplication and 
proliferation of shoot through nodal explants of C. equisetifolia on 
optimal concentration of BA (5.0 jiim) and NAA (0.5 |Lim). 
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Figure 8 . Effect of different culture media supplemented with optimal 
concentration of BA(5.0 ^m) and NAA (0.5 fim) on shoot regeneration from 
nodal explants of C equisetifolia after 8 weeks of culture. 
Mean number of shoots/explant 
Mean shoot length (cm) 
5.0 5.4 5.8 6.2 
Different pH of medium 
6.6 
Figure 9. Effect of different pH value on shoot regeneration from 
nodal explants of C equisetifolia on MS medium containing optimal 
concentration of BA (5.0 ^m) and NAA (0.5 i^m) after 8 weeks of 
culture. 
Mean number of shoots/expia^t 
Mean shoot length (cm) 
2 3 4 5 
Concentration of sucrose (%) 
Figure 10. Effect of different concentrations of sucrose on shoot 
regeneration from nodal explants of C equisetifolia on MS medium 
containing optimal concentration of BA(5.0 ^m) and NAA (0.5 ^m) 
after 8 weeks of culture. 
4.2 Synseed production 
The optimal conditions are very important for the preparation of ideal synseeds and 
their subsequent regeneration. The results on the respective experiments performed 
for the synseed formation followed by their successfiil germination are as follows. 
4.2.1 Effect of Naa-alginate concentration on synseed formation 
The morphology of syneeds in respect to shape, texture and transparency varied with 
different concentrations of Naa-alginate (1, 2, 3, 4 and 5%) with CaCl2-2H20 (100 
mM). The 4% Na2-alginate produced clear and uniform beads within ion exchange 
duration of 20 min (Fig. 12 A). Further increasing the concentration of Naz-alginate 
solution resulted in the production of hard beads and cause considerable delay in 
germination. However, Na2 -alginate concentration beyond the optimum level was 
also not suitable for encapsulation because resulting beads were fragile and difficult to 
handle (Table 11). 
4.2.2 Effect of CaCh-2H20 concentration on synseed formation 
After optimizing the Nai-alginate concentration, effect of different concentrations of 
CaCl2-2H20 (25, 50, 75, 100 and 200 mM) on synseed formation was also assessed. 
Amongst, 100 mM CaCl2"2H20 with 4% Na2-alginate resulted in successful synseed 
development (68.60 ± 1.86%). On decreasing and increasing the concentration, 
similar features in synseed morphology were noticed as observed with Na2-alginate 
(Table 12). 
4.2.3 Synseed sprouting 
Synseeds were placed aseptically on different treatments of PGRs. PGR-iree MS 
basal medium (control) revealed the least sprouting (48.60 ± 1.86%). Among the PGR 
combinations tested, maximum sprouting (77.00 ± 2.09%) was achieved on MS 
medium supplemented with 5.0 i^M BA, 0.5 i^M NAA followed by 74.20 ± 1.90% 
germination on 5.0 ^iM BA and 0.1 ^M NAA containing MS medium. Latter 
treatment induced weaker shoot as compared to the BA and NAA combination (Fig. 
12 B & C). It was also noticed that on NAA combinations shoots emerged out 
without any intervening callus, while all the other treatments of mT and Kn with IBA 
exhibited callus associated shoot formation (Fig.l2 D; Table 14). 
culture. However, the lower concentrations (I and 2%) of sucrose retarded the rate of 
shoot multiplication and produced 15.56 ± 0.34 and 24.80 ± 0.26 shoots/explant at 1% 
and 2% sucrose respectively. Further increase in the concentration of sucrose from 
optimal 3% value also reduced the number of shoots to 26.90 ± 0.20 and 17.83 ± 0.27 
shoots/explant at 4% and 5% of sucrose respectively after same incubation period 
(Fig. 10). 
4.1.6 In vitro rooting of microshoots 
To obtain complete plantlets, regenerated microshoots (3.0-4.0 cm) were transferred 
to full and half-strength MS basal medium with or without different concentrations 
(1.0, 2.5 and 5.0 nM) of auxins (NAA, IBA and lAA). Shoots failed to induce root on 
both the strength of MS medium without any auxin, only basal callusing was noticed 
from the cut ends of the microshoots. Exogenous addition of auxins induced healthy 
root formation differentially depending upon type and the concentration of auxin 
used, biduction of roots started after 20-25 days (Fig. 11 A); initially roots were thin 
and milky white in colour which later on developed secondary branches became thick 
and dark cream colour. Among the treatments tested, microshoots were best rooted on 
half-strength MS medium supplemented with 2.5 \M NAA which induced a 
maximum of 12.68 ± 0.33 roots/shoot with 3.04 ± 0.50 cm root length in 60% 
microshoots after 6 week of transfer (Fig. 11 B). The rooting percentage was reduced 
to 30% on half strength MS + NAA (5.0 pM) and the number of roots/shoot was also 
reduced to 8.26 ± 0.50. Among three auxins tested, NAA was found to be the best for 
rooting while IBA provided moderate response. An average of 4.66 ± 0.23 roots/shoot 
were obtained in 40% microshoots having root length of 2.56 ± 0.02 cm after 6 weeks 
of culture. The medium containing half strength MS + 1.0 |J.M IBA (Fig. 11 C). 
Addition of AC with the lAA enhanced the rooting percentage as well as 
checking the frequency of callogenesis. AC used at different concentrations (100, 250 
and 500 mg/IOO ml) facilitated the root induction within 15-20 days and the best 
response was obtained on half strength MS + lAA (2.5 pM) + AC (250 mg/100 ml) 
where 3.18 ± 0.03 roots/shoot were obtained in 60%) microshoots having root length 
of 2.98 ± 0.37 cm after 6 weeks of culture (Fig. 11 D; Table 10). 
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Explanation of Figure 11 
A. Initiation of root in mcroshoot on half strength MS + NAA (2.5 ^M) -25 
days old culture. 
B. Induction of large number of thick long roots along with slight basal 
callusing on half strength MS + NAA (2.5 jtM) - 6 weeks old culture. 
C. Induction of thin long roots along with moderate callusing on half 
strength MS + IBA (1.0 fiM) - 6 weeks old culture. 
D. In vitro rooting without callus induction on half strength MS + lAA (2.5 
HM) + AC (250 mg/100 ml)- 6 weeks old culture. 
Figure 11 
Explanation of Figure 12 
A. Uniform synseeds prepared through encapsulation of aseptic nodal 
segments with 4% sodium alginate and 100 mM Calcium chloride on MS 
+ BA (5.0 ^M) + NAA (0.5 fiM) - 1 day old synseed. 
B. Sprouting of synseed on the same medium - 3 weeks old culture. 
C. Elongation of shoots induced from synseed on the same medium - 4 
weeks old culture. 
D. Formation of callus from synseeds on MS + Kn (5.0 p.M) - 3 weeks old 
culture. 
E. Rooting of microshoots raised through synseed on half strength MS + 
NAA (2.5) + AC (250 mg/100 ml) - 6 weeks old culture. 
F. Successfully acclimatized in vitro rooted plantlets in planting substrate (1 
vermi-compost: 2 garden soil: 1 sand) - after 8 weeks of transfer. 
Figure 12 
Table 10. Effect of different auxins on in vitro root induction in microshoots of C. 
equisetifolia after 6 weeks of transfer 
Treatment (^M) 
MS 
'/2MS 
'/2MS + NAA(!.0) 
'/2 MS + NAA (2.5) 
Vi MS + NAA (5.0) 
' /2MS+1BA(1.0) 
Vi MS + IBA (2.5) 
Vi MS + IBA (5.0) 
'/2MS + IAA(1.0) + 
AC(100mg/100ml) 
Vi MS + lAA (2.5) + 
AC (250 mg/100 ml) 
Vi MS + lAA (5.0) + 
AC(500mg/100ml) 
Response 
(%) 
0.00 
0.00 
40 
60 
30 
40 
30 
30 
50 
60 
60 
Mean no. of 
roots/shoot 
0.00 ± 0.00'' 
0.00 ± 0.00'' 
9.74 ±0.22^ 
12.68 ±0.33" 
8.26 ± 0 . 5 0 ' 
4.66 ±0.23'* 
2.98 ±0.23*^ 
1.48 ± 0.19s 
1.56 ±0.40^ 
3.18 ± 0 . 0 3 ' 
2.14 ±0.02*' 
Mean root 
length (cm) 
0.00 ±0.00'* 
0.00 ± 0. 
00** 
2.94 ±0.24" 
3.04 ±0.50" 
2.98 ±0.37" 
2.56 ± 0.02*' 
2.38 ± 0 . 0 3 ' 
2.36 ±0.02'^ 
2.56 ± 0.02'' 
2.98 ±0.37" 
2.36 ± 0 . 0 2 ' 
Frequency 
of 
callogenesis 
+ + 
+ 
~ 
+ 
+ + 
+ 
+ + 
± + -f 
Values represent Mean ± SE of three repeated experiments with 10 replicates each. 
Mean followed by the same letter within columns are not significantly different (P 
0.05) using Duncan's multiple range test (DMRT). 
+. ± ±. + + +, indicate slight, moderate, intense callusing respectively 
Table 11. Effect of sodium alginate concentration on conversion of encapsulated 
nodal segments of C. equisetifolia after 8 week of culture on MS medium 
Sodium alginate (% w/v) 
1.0 
2.0 
3.0 
4.0 
5.0 
Conversion response (%) into plantlets 
Fragile beads 
Fragile beads 
64.40 ± 1.9r (but soft to handle) 
68.60 ± 1.86=" 
33.60 ± 1.56'' 
Different concentrations of sodium alginate and 100 mM CaCl2-2H20 were added to 
MS medium. 
Data represents Mean ± SE of 10 replicates per treatment in three repeated 
experiments. 
Mean value followed by the same alphabets are not significantly different according 
to Duncan's Test at 5% probabiHty. 
Table 12. Effect of calcium chloride concentration on conversion of encapsulated 
nodal segments of C. equisetifolia after 8 week of culture on MS medium 
Calcium chloride (mM) 
25 
50 
75 
100 
200 
Conversion response (%) into plantlets 
Fragile beads 
Fragile beads 
42.00 ± 0.94''(but soft to handle) 
68.60 ± 1.86' 
24.40 ± 1.28'^ ^ 
Different concentrations of sodium alginate and 100 mM CaCl2-2H20 were added to 
MS medium. 
Data represents Mean ± SE of 10 replicates per treatment in three repeated 
experiments. 
Mean value followed by the same alphabets are not significantly different according 
to Duncan's Test at 5% probability. 
Table 13. Effect of different treatments on conversion of encapsulated nodal 
segments of C. equisetifolia after 8 week of culture 
Treatment (^M) 
MS 
MS + BA(5.0) + NAA(0.1) 
MS + BA (5.0) + NAA (0.5) 
MS + mT(2.5) + IBA(0.5) 
MS + mT(2.5) + IBA(1.0) 
MS + Kn (7.5) + IBA (0.5) 
Conversion response 
(%) into plantlets 
48.60 ±1.86' 
74.20 ±1.90"'' 
77.00 ± 2.09' 
68.80 ± 1.77= 
62.80 ± 1.85'= 
59.60 ± 1.80^ * 
Different concentrations of CaCb^HaO and 3% (w/v) sodium alginate were added to MS 
medium. 
Data represents Mean ± SE of 10 replicates per treatment in three repeated experiments. 
Mean value followed by the same alphabets are not significantly different according to 
Duncans's Test at 5% probability. 
However, microshoots regenerated from the alginate synseeds of C, 
equesitifolia failed to induce rooting on the germination medium, therefore 
microshoots were separated from the gel matrix of synseed and then transferred to 
root induction media. For in vitro root induction different concentrations of NAA 
(1.0, 2.5 and 5.0 |aM) were tested rather than lAA and IBA as NAA revealed its 
promotive effect on root induction in C. equesitifolia microshoots regenerated from 
nodal explants. The shoots were best rooted on 2.5 |J.M NAA and AC (250 mg/100 
ml) added to half-strength MS medium and an average of 2.60 ± 0.50 roots per 
microshoot with 3.26 ± 0.08 cm root length induced after 6 week of transfer (Fig. 12 
E; Table 14). 
4.2.4 Low temperature storage 
Storage time (0, 1, 2, 3, 4 and 5 weeks) was also found to influence the regeneration 
frequency of encapsulated nodal segments at 4"C. The synthetic seeds stored at 4 °C 
for a period of 4 weeks resulted in maximum conversion frequency (71%) with an 
induction of (3.6 ± 0.66) shoots after 8 weeks of culture under in vitro condition on 
MS medium supplemented with BA (5.0 ^M) and NAA (O.S^M). However, the 
development of plantlets by encapsulated nodal segments decreased as the period of 
storage increased beyond 4 weeks (Table 15). 
4.2.5 Hardening and acclimatization 
Hardening and acclimatization of regenerated plantlets is the most crucial and 
important phase of plant tissue culture. Regenerated plantlets with well developed 
root system were successfully hardened off under controlled conditions in three 
different planting substrates (soilrite, vermi-compost and vermi-compost + Garden 
soil + Sand (1: 2: 1). Hardening of plantlets was done by the procedure described in 
the materials and methods. Out of three planting substrates used, maximum survival 
percentage (95.10 %) was observed in 1:2: 1 composition of vermi-compost + garden 
soil + sand. However, plantlets transferred to vermi-compost provided moderate 
response (80.40%), while, soilrite showed minimum survival rate (70.50%) (Fig. 13). 
About 84.66% plantlets survived after transferring to the field conditions and the 
regenerated plantlets grew well with no detectable morphological variations when 
compared with the in vivo grown plants (Fig. 14). 
4.2.6 Direct sowing of synseeds in plating substrate 
Encapsulated nodal segments of C. equesitifolia were failed to germinate when they 
were directly sown to different planting substrate. 
4.3 Physiological study 
Estimation of different photosynthetic pigments (Chlorophyll a, b, total chlorophyll 
and carotenoids) was carried out during different acclimatization periods. 
4.3.1 Chlorophyll a, b and total chlorophyll content during acclimatization 
The contents of chlorophyll a, b as well as total chlorophyll in acclimatized plantlets 
of C. equesitifolia initially decreased and later on increased linearly with an increase 
in acclimatization periods from 0 to 4 weeks of transfer. During first week of transfer 
to ex vitro conditions, a decrease in all the photosynthetic pigments was observed. A 
decrease in the content of chlorophyll a from 0.53 to 0.38 mg/g, chlorophyll b from 
0.39 to 0.32 mg/g and the total chlorophyll from 0.99 to 0.70 mg/g was observed. By 
the end of second week a sharp increase in pigments content was noticed but after that 
increased slowly. By the end of fourth week the content of chlorophyll a (1.20 mg/g), 
chlorophyll b (1.16 mg/g) and the total chlorophyll (2.36 mg/g) got almost stabilized 
with a very gradual increase (Fig. 15 & Fig. 16). 
4.3.2 Carotenoids content during acclimatization 
Similar to the chlorophyll pigments, carotenoids also showed the same trend during 
different acclimatization periods. Initially the carotenoids content was reduced to 0.10 
mg/g from 0.17 mg/g during first week of transfer to the ex vitro conditions. Later on 
the content was increased to 0.29 mg/g after second week and by the end of fourth 
week the carotenoids content was recorded as 0.52 mg/g (Fig. 17). 
4.4 Biochemical studies 
Estimation of different soluble protein was carried out during different acclimatization 
periods. 
4.4.1 Soluble protein estimation 
Quantitative estimation of soluble protein in acclimatized plantlets of C. equesitifolia 
shows that, initially the soluble protein decreased and later on increased linearly with 
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Table 14. Effect of different NAA concentrations supplemented to half-strength 
MS basal medium with AC on in vitro root induction in microshoots recovered 
through synseeds of C.equisetifolia after 6 weeks of incubation 
NAA (jiM) + 
AC (250 mg/100 
ml) 
1.0 
2.5 
5.0 
% Response 
82.40 ±1.86 
90.20 ±1.so' 
79.20 ± 1.01 
Mean no, of 
roots/shoot 
1.20 ±0.20 
2.60 ±0.50 
1.60 ±0.24'' 
Mean root length 
(cm) 
2.90 ±0.11 
3.26 ±0.08' 
2.00 ±0.17^ 
Different concentrations of CaCl^ -2H 0 and 4% (w/v) sodium alginate were added to MS 
medium. 
Data represents Mean ± SE of 10 replicates per treatment in three repeated experiments. Mean 
value followed by the same alphabets are not significantly different according to Duncan's 
Test at 5% probability. 
Table 15. Effect of cold storage (4 "C) on in vitro conservation from alginate 
encapsulation nodal segments after 8 weeks of culture to MS medium 
supplemented with BA (5.0 ^M) + NAA (0.5 ^M) 
Storage duration 
(weeks) 
0 
1 
2 
3 
4 
5 
% conversion response 
into plantelets 
42.3 ± 0.66^ = 
45.3 ± 0.66"* 
53.3 ± 0.33" 
65.3 ± 0.33^ 
71.6 ±0.33' 
36.3 ± 0.33^ 
Mean number shoots 
1.4 ±0.33*^ 
1.8 ±0.33*= 
2.3 ± 0.36'' 
2.7 ±0.33'' 
3.6 ± 0.66' 
1.0±0.11' 
Data represents Mean ± SE of 10 replicates per treatment in three repeated experiments. 
Mean value followed by the same alphabets are not significantly different according to 
Duncan's Test at 5% probability. 
Explanation of Figure 14 
A & B. Successfully acclimatized in vitro rooted plantlets in planting substrate (1 
vermi-compost: 2 garden soil: 1 sand) - after 8 weeks of transfer. 
C. Acclimatised - after 6 months of transfer in soil. 
Figure 14 
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Figure 13. Effect of different planting substrates on survival 
percentage (%) of regenerated plantlets of C. equisetifolia during ex 
vitro acclimatization. 
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Figure 15. Change in chlorophyll a & b contents (mg/l) of m vitro raised 
C. equisetifolia plantlets during acclimatization period. The line 
represents Mean ± SE of three repeated experiments. Line denoted by 
the same letter with in weeks variable are not significantly different 
(p=0.05) using DMRT. 
DC 
"OID 
E 
s 
e 
o 
a o 
35 
^ ^ 
2.6 -
2.4 -
2.2 -
2.0 -
1.8 -
1.6 -
1.4 -
1.2 -
1.0 -
0.8 -
0.6 -
U.4 
> Total chlorophyll 
c / 
^**"****«WT/ 
I 
0 
1 
1 
1 
2 
a 
1 
3 
a 
1 
4 
Acclimatization period (weeks) 
Figure 16. Change in total chlorophyll content (mg/g) of in vitro raised 
C. equisetifolia plantlets during acclimatization period. The line 
represents Mean ± SE of three repeated experiments. Line denoted by 
the same letter within weeks variable are not significantly different 
(p=0.05) using DMRT 
Acclimatization period (weeks) 
Figure 17. Change in carotenoid content (mg/g) of in vitro raised C. 
equisetifolia plantlets during acclimatization period. The line 
represents Mean ± SE of three repeated experiments. Line denoted 
by the same letter within weeks variable are not significantly 
different (p=0.05) using DMRT 
an increase in acclimatization periods from 0 to 4 weeks of transfer. During first week 
of transfer to ex vitro conditions, a decrease in all the soluble protein content was 
observed. A decrease in the content of protein from 31.66 ± 1.00 to 30.00 ± 1.34 
mg/g. By the end of second week a slight increase in protein content was noticed 
which further continue to increase gradually with the acclimatization period.. By the 
end of fourth week the content of soluble protein was 38.33 ± 1.53 mg/g (Fig. 18) 
4.5 Scanning electron microscopy (SEM) study as an evidence for direct shoot 
bud induction 
The SEM analysis of cultured nodal segments showed evidence for direct shoot bud 
induction, high frequency direct plant regeneration without intervening callus phase. 
The SEM of nodal explants shows the formation of multiple shoot buds in cluster 
form and these shoots buds originated from the axil of each scaly leaf (Fig. 19 A-D). 
A heavy bunch of shoot bud was formed at early stage of shoot induction. At later 
stage these multiple buds elongated and maintain its identity but at initial stage they 
form a bunch. A frontal as well as posterior view of direct shoot bud emergence from 
intemode explants shows integrity of the cluster with explant and again provides 
evidence for absence of any callus induction. 
•tn Um"^ ' 
55 
Amount of protein (mg/g) 
50 
40 
/ ^ 
DO 
a 
^ 30 H 
s 
<u 
• • ^ a e 
S I 20 
10 
0 
cd d 
be 
0 
ab a 
X 
0 
« : 
4 
Periods of acclimatization (weeks) 
Figure 18. Change in protein content (mg/l) of in vitro raised 
Cequisetifolia plantlets during acclimatization period The line 
represents Mean ± SE of three repeated experiments. Line denoted by 
the same letter within weeks variables are not significantly different 
(P=0.05) using DMRT 
Explanation of Figure 19 
A-D. SEM studies showing crown of direct shoot bud formation from nodal 
region of the explant 
Figure 19 
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DISCUSSION 
Micropropagation offers means of rapid and mass multiplication of the existing stock of 
germplasm for bicmass production and conservation of rare and threatened species 
(Bonga andDurzan 1987; Gupta et al, 1993). Nitrogen fixing agroforestry trees have 
greater application from economic and ecological point of view. It is necessary to apply 
tissue culture technique for rapid multiplication. During recent years, a number of woody 
trees havebeen successfully propagated in vitro using juvenile as well as mature plant 
parts (Trigiano et al., 1992). 
5.1 Nodal explants 
Present studies revealed that nodal segments 5-8 cm below the shoot tip taken from 
mature plant, exhibited high frequency shoot induction. Shoots regenerated from nodal 
explants responded better for further shoot growth and multiplication as compared to 
shoots regenerated from apical explants. Result of this study is in confirmation with 
observations of earlier workers in other tree species such as, Casuarinasumatrana 
(Gohet al.,1995), Casuarinaeqiiisetifolia (Seth et al., 2007) on higli frequency shoot 
induction from nodal explants of mature tree. Similarly in accordance to our results in 
other plant species, nodal explants proved better than apical shoot \iz.. 
Tecomellaundulata (Rathoree? al., 1991); Maytenusemarginata (Rathoreet al., 1992 ): 
Madhiicalongifolia (Rout and Das, 1993); Ochreinaucleamissionis (Dalai and Rai, 
2001); Santalum album (Sanjayaet al.,2006); Embeliaribes (Annapuma and Rathore, 
2010) and Dalbergiasissoo (Thirunavoukkarasuet al.,2010). 
5.2 Effect of season 
Period of (season) collection of explants is one of the important factors which has 
influence on frequency of shoot initiation and its further proliferation in the 
establishment of in vitro cultures (Siril and Dhar, 1997; Bhatt and Dhar, 2004). The 
physiological status of the plant material is influenced by the season, which also varies 
with the age of the mother plant, is a major determinant in the success of the explant 
response in culture. 
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In present study, the explants obtained during March-May exhibited the best response 
(70.05%) on shoot induction, followed by the explant collected in the month from 
November to February (29.96%). Contamination problem was found minimum from the 
explants collected during March and May. Explants collected during June-October 
produced only 5.02%of sterile sproutes. 
Result of this study is in confirmation with the observations of earlier work in 
Casuarinaequisetifolia (Seth et al., 2007) where the best response on shoot initiation was 
obtained from the explants collected during the months from March to May.Seasonal 
effect on establishment of aseptic culture has been reported by other workers in various 
plant species such asTectonagrandis (Tiwariet al.,2002), Pterocarpussantalinus 
(Prakashet al.,2006). In contrast to our study, however, Devi et al.(1994) reported that 
December was the best month for the establishment of cultures from field grown trees of 
T.gnmdis. 
5.3 Direct organogenesis through nodal segments 
5.3.1 Effect of cytokinins on multiple shoot regeneration 
For successful micropropagation nodal segments are preferred as pre-existing meristem 
easily develops into shoots. Nodal segments containing axillary buds have quiescent or 
active meristems depending upon the physiological stage of the plant. In nature these 
buds remain dormant for a specific period depending on the growth pattem of the plant. 
However, using tissue culture, the rate of shoot multiplication can be greatly enhanced 
by performing axillary bud culture in a nutrient medium containing suitable PGR. 
In the present study, nodal segments of C.equisetifolia failed to induce multiple shoot 
buds on PGR-free MS basal medium (control) therefore, it was mandatory to augment 
the culture medium with cytokinin alone or in combination with auxin to induce multiple 
shoot buds. Cytokinins were reported to play a key role in DNA synthesis and cell 
division, which might be the reason for induction of multiple shoots (Mazidet al., 2011). 
The nodal segments of Cequisetifoliav/ere capable of shoot induction on all adenine-
based cytokinins (BA, mT, Kn and 2-iP).Addition of mT at 2.5nM regenerated 16.80 ± 
0.58 shoots/explants in 60% cultures after 8 weeks of incubation. Kn at 7.5^M gives it's 
best result by production of 11.14 ± 0.35 shoots/explants in 8 weeks of culture.However, 
BA was found to be significandy most effective than other cytokinins. Comparatively 
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higher concentration of BA than mT but lower than Knexhibited critical response with 
the induction of a maximum of 23.90 ± 0.37 shoots/explant in 70% cultures after 8 
weeks of inoculation. Further increasing or decreasing BA concentration beyond the 
critical level, percent response and mean number of shoots per explant decreased.Similar 
observations marking superioriy of BA over other cytokinins have been reported in other 
tree species such as, Husain and Anis (2009) reported 90% shoot induction from nodal 
segment on MS medium augmented with BA 5.0 |aM from field grown plant of M. 
azedarach. Seth et al. (2007) found 73.86% axillary shoot bud sprouting in C 
equisetifoliaat BA 4.44 j^M. Similarly superiority of BA over Kn was too reported 
byArshad et al. (2005), MS medium consisting of BA (5.0 mg/1) alone induced 
maximum (83.33%) bud break, more number of shoots (3.89 ± 0.38) with shoot length of 
3.29 ± 0.54 cm in Bambusawami.Ramanayakeet al. (2006) observed rapid shoot 
proliferation and more shoot number from the nodal segments on medium with BA (4.0 
mg/1) in Bambusa vulgaris 'Striata'. Generally, a cytokinin is required for in vitro 
axillary shoot induction and proliferation. However, optimal cytokinin concentration 
varies with the plant species (Park et al., 2008). 
5.3.2 Effect of cytokinin-auxin combinations on shoot regeneration 
After optimizing the cytokinin concentration, various auxins (lAA, IBA and NAA) in 
combination with the optimized cytokinin were examined for enhanced shoot 
proliferation through nodal segments in C. equisetifolia. The regeneration frequency as 
well as mean number of shoots per explant enhanced significantly on auxin/cytokinin 
combination as compared to the cytokinin alone. The combination of 5.0 |iM BA and 0.5 
laM NAA was found to be the best combination as it maximized the production to 32.00 
± 0.31 shoots per explant with 3.94 ± 0.02 cm shoot length in 70% cultures.The 
synergistic effect of auxin in combination with an optimal cytokinin has been 
demonstrated in various tree species. Dohoux et al. (1986) proved combination of 0.05 
^mol/1 NAA and 11.1 j^mol/l BA most effective in multiple buds formation in C. 
equisetifolia. Similarly, auxiliary effect of combined use of NAA (0.1 mg/1) and BAP 
(1.0-2.0 mg/1) proved most effective in shoot initiation in Camptothecaacuminata (Liu 
and Li.,2001). Other workers also revealed that combined use of BA with NAA was 
most effective on shoot induction in Aeglemarmelos (Hossainet al.,1995; Nayaket 
al.,2007), Gmelinaarborea (Thirunavoukkarasu and Debata, \99'S)^cacia Senegal 
(Kauret al.,1998) and Catharanthusroseiis (Faheemet al., 2011). 
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5.3.3 Effect of thidiazuron (TDZ) on multiple shoot regeneration 
In the present study various concentrations of TDZ (0.1-5.0 |iM) were tried for direct 
shoot regeneration but none of the nodal explants induce direct shoot formation rather 
induction of non organogeniccalli was observed at all concentration of TDZ used.Similar 
result have also been reported for callus formation in several woody plant species (Chen 
et al., 2000;Huetteman et al.,1993 and Lin et al., 1989). 
TDZ could be substituted for adenine-type cytokinins in various cell culture systems 
including both callus cultures and micropropagation of many woody plants. In contrast to 
our study TDZ has been proved to be the best cytokinin for organogenesis in various 
woody species by many workers. Lower concentrations of TDZ stimulated better shoot 
proliferation and shoot growth as compared to BA and Kn. Whereas, high concentrations 
of TDZ may resuh in the fonnation of dwarf shoots in many woody plants (Nieuwkerket 
al., 1986 and Chalupa, 1990). 
5.4 Effect of repeated subculturing on multiple shoot induction 
Frequent subculture of explants at constant intervals made significant improvement 
in enhancing the number of multiple shoots. Repeated subculturing was carried out of 
differentiated shoots along with the explant on fresh MS medium with additives BA (5.0 
|iM) and NAA (0.5 i^M) at the interval of every 3 weeks and 4"' passage of cultures 
produced maximum (42.20 ± 0.82) number of shoots/explant with mean shoot length of 
3.45 ± 0.06 cm. 
In accordance to our results, The frequency of shoot regeneration reached its 
maximum at the end of 4"^  subculture passage where the highest 42.66 ± 1.47 
shoots/explant were obtained and then it became stable at 5"^  subculture passage but 
declined thereafter in subsequent passages (Parveen and Shahzad 2011). Islam et al. 
(1997) recorded 4.5 shoots per nodal segmentin Acacia indica and maintained cultured 
upto fourth subculture passages on MS medium supplemented with BAP (1.0 mgA) and 
Kn (1.0 mg/l).In Prosopis cineraria repeated subculturing of original explant with 
differentiated shoots for 4"" passages at the interval of two weeks on fresh medium 
resulted in production of multiple shoots (Shekhawatet al.,1993). In Acacia sinuata, the 
number of shoot were found to increased with repeated subculturing of nodal explant on 
fresh medium of same nutrient composition for two passages (Vengadesanet al.,2003). 
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SimilarlyBajaj et al. (1988) obtained around 2,200 plantlets of Thymusvulgaris from a 
single shoot grown in vitro in 5 months (four passages) while Ajithkumar and Seeni 
(1998) reported that repeated subculturing of nodes and leaf from shoot cultures of 
Aeglemarmeloshd^oA to achieve a continuous productionof callus-free healthy shoots at 
least upto five subculture cycles. However in Embeliaribes, single shoot was produced 
from the nodal segment of mature plant even on the medium with higher concentration 
of cytokinins (BAP/Kn/TDZ) but by repeated subculturing of differentiated shoots with 
or without explant on the same fresh medium at the interval of two weeks favored 
multiple shoots (12-15) after 3'^ '^ subculture passage (Annapuma and Rathore, 2010). 
Frequent subculturing of the shoots on to the fresh medium might have minimized 
exudates at the base of shoots and it helped in uptake of nutrient. In addition, repeated 
subculturing of original explant tissue with differentiated shoots might have helped in 
better rejuvenation, more lateral meristems development, release of inhibitors and 
change in endogenous level of PGRs, which resulted in production of new shoots. 
5.5 Effect of nutrient media 
Optimal nutritional requirements for shoot growth under in vitro condition may vary 
with the species. Similarly, tissues from different plant organs may have different 
requirements for satisfactory growth (Murashige and Skoog, 1962). Single medium 
cannot be suggested for all types of plant species, tissues and organs. Therefore, when 
starting with a new system for in vitro propagation, it is essential to develop a medium 
that can ftilfill the specific requirements for particular species (Bhojwani and 
Razdan,1996). 
Results revealed from the present studies that different nutrient media had significant 
effect on number of shoots per explant and shoot length. Among the different liquid 
nutrient media (MS, WPM and B5) supplemented with BA (5.0 |aM) and NAA (0.5 ^M), 
the number of shoots (32.00 ±0.31) and their length (3.94 ± 0.02) were highest on MS 
medium followed by WPM (23.50 ± 0.58 shoots) and B5(15.00 ± 0.31 shoots) media in 
decreasing order after 8 weeks of culture. 
Similar to our results, MS liquid medium was proved better than WPM for axillary shoot 
induction in C. equisetifolia (Prarhiban et al., 1997), Bambusabambos (Arya and 
SharmaI998). High frequency bud break was observed in MS medium, followed by B5 
and WPM media '\nDrepanostachymfalcatum and Bambusabalcooa (Arya et al., 2008). 
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5,6 Effect of pH 
Plant cells and tissues require an optimum hydrogen ion concentration (pH) for an 
effective growth and development in cultures. The pH affects nutrient uptake as well as 
enzymatic and hormonal activities in plants (Bhatia and Ashwath, 2005). The optimal pH 
level regulates the cytoplasmic activity that affects cell division and the growth of shoots 
and it does not interrupt the function of cell membrane and the buffered pH of cytoplasm 
(Brown et al., 1979). The pH also influences the solidification of the culture medium; a 
pH higher than 6 produces a very hard medium and a pH lower than 5 does not solidified 
the medium satisfactorily (Bhatia and Ashwath, 2005). Therefore, it is necessary to 
optimize the pH level for maximum shoot regeneration because pH level directly 
influence shoot regeneration. In C. equesitifolia, among various pH levels, maximum 
response was achieved at 5.8. Results are in agreement with many reports where 
optimum regeneration was achieved at 5.8 pH (Parliman et al.,1982; Faisal et al., 
2007;Shahzadet al.,2011 and Perveen et al.,2011). In contrast to this, some plant species 
require acidic pH for maximum shoot regeneration as reported by Bhatia and Ashwath 
(2005) and Naiket al. (2010). 
5.7 Effect of sucrose concentrations 
Plant tissues under in vitro conditions require exogenous supply of energy and carbon 
source for growth and metabolism. Optimum requirement of sucrose concentration may 
vary with the plant species. In the present study of C. equisetifolia incorporation of 
sucrose was found to be essential for shoot multiplication. Among the various 
concentrations (1, 2, 3, 4 and 5%) of sucrose used, medium (MS + BA 5.0 |aM and NAA 
0.5 |iM) with 3% sucrose proved the best for maximum shoot multiplication with 32.00 ± 
0.31 shoots/explant having maximum shoot length of 3.94 ± 0.02 cm after 8 weeks of 
culture on MS liquid medium with BA (5.0 i^M) + NAA (0.5 ^M). It is also evident from 
the present study, that at lower (less than 3%) and higher (more than 4.5%) concentration 
of sucrose resulted in poor shoot multiplication and growth. 
In accordance to our resultsHazarikaet al. (2000) have demonstrated thatm vitro 
preconditioning of Citrus microshootswith 3 % sucrose concentration is advantageousfor 
ex vitro survival and acclimatization. Likewise, high-fi-equency in vitroshooi 
multiplication of 
Plumbagoindicawas possible in a medium containing 3 % sucrose (Chetia and 
Handique,2000). Mehta et al. (2000) reported that an increase insucrose concentration 
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from 2 to 4 % in the mediumincreases caulogenic response in tamarind plantletsfrom 34 
to 48 % using mature embryo axis as explants. In Gerbera almost 100 % survival rate 
was obtained on MS medium supplementedwith 3 % sucrose and other phytohormones, 
aftertransfer (Ashwath and Choudhury,2002). 
5.8 Rooting of regenerated shoots 
High frequency rooting without callus is pre-requisite for large scale production of clonal 
planting material for commercial viability of a protocol. Rooting is the most crucial step 
and often it is difficult to achieve high rate of rooting from the shoots of mature trees and 
woody plants. This is mainly due to aging factor, which tend to poor rejuvenation and 
accumulation of inhibitors. Experimental conditions are more suitable for rooting 
investigations owing to a better control of environmental parameters such as relative 
humidity, light and temperature (McCown, 1988). 
During the present investigation, in vitro rooting was not easier inC. equisetifolia. In fact, 
for healthy root induction half-strength MS medium was selected in combinationwith 
different concentrations of three auxins viz., lAA, IBA and NAA. The requirement of 
half-strength culture medium for root induction has also been reported in many plant 
species including Meliaazedarach{Shahzadet al., 2001), Pterocarpusmarsupium{Husam 
et al., 2007) and Acacia sinuata{S\\ahzadet al., 2006). However, the strength of nutrient 
medium did not affect the rooting frequency in some plant species (Sharma and Chandel, 
1992;Anis and Faisal, 2005;Pandeyet al.,2006). 
Among different concentrations of auxins tested, rooting was best achieved on 2.5 pM 
NAA in all the tested plant species. On this optimal treatment a maximum of 12.68 ± 
0.33 roots with 3.04 ± 0.50 cm root length were induced. Half strength MS medium 
supplemented with IBA (1.0 |iM) resulted in minimum (4.66 ± 0.23) roots, followed by 
(3.18 ± 0.03) roots in medium supplemented with lAA (2.5 pM) + AC (250 mg/100 
ml).Addition of AC with lAA check the callus formation at the base of shoots and 
promotes the root formation with lAA.The stimulatory effect of NAA on root formation 
has also been previously reported in many free plants like MyrtuscommunisiRuffom et 
al., 1994; Scarpa et al., 2000),P/5toc/avera(Onay, 2000), Terminaliaarjuna{?andey and 
Jaiswal, 2002; Pandey et al., 2006),TerminaliachebulaiShyamkamai, 2003), 
KigeliapimataiThomas and Puthur, 2004), Stereospermumpersonatum(Shukla et al., 
2009), Semecarpusanacardiumi?mda and Hazra,2010), and Sapindustrifoliatus{Asihana 
etal., 2011). 
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AC has also been reported suitable for rooting with auxins in other plant species by 
various worker in number of plant species like,5'wer^ /<3c/z/ray//<3(Joshi and Dahwan, 
2007), Fortunellacrassifolia (Yang et al., 2006), Simmondsiachinensis (Agrawal et al., 
2002),Cinnamomumcamphora (Babu et al., 2003). 
Rooting of shoots can be promoted by low concentration of auxins (Mott, 1981; 
Amerson and Mott, 1982). The higher concentration of auxins caused callus induction at 
the base of shoots with roots. The callus formation with roots reduces the survival rate of 
in vitro raised plantlets (Nemeth, 1986). 
5.9 Acclimatization of micropropagated plantlets 
In several tree species, rooting from the shoots of mature trees and hardening remain one 
of the most critical stages in the micropropagation technique (Standardi and Romani, 
1990). Nevertheless, the success of in vitro methods in plant propagation depends not 
only on the number of plantlets produced, but also on their survival rate upon transfer to 
nursery and field conditions at low cost. Therefore, acclimatization is the most crucial 
stage for success of any in vitro regeneration protocol. In present study, the rooted 
plantlets of C equisetifolia were successfully hardened off inside the growth room after 
transferred in thermocups containing in three different types of substrate viz., Soilrite, 
vermi-compost and 1 : 2 : 1 composition of vermi-compost + garden soil + sand. Out of 
three planting substrates used, maximum survival percentage (95.10 %) was observed in 
1 : 2 : 1 composition of vermi-compost + garden soil + sand. About 84.66% plantlets 
survived after transferring to the field conditions and the regenerated plantlets grew well 
with no detectable morphological variations when compared with the in vivo grown 
plants. 
Similarly, Reddy et al. (2006) also revealed 80% survival of plandets when plantlets 
were transplanted to polycup containing soil and vermicompost (3:1 v/v) and maintained 
under high humidity in the culture room for 30 days. Kalimuthuet al.(2007) used various 
potting media for hardening of well-developed in vitro rooted plantlets. Maximum 
survival rate of 85% was observed in the potting medium containing decomposed coir 
waste + perlite + compost (hardening medium) followed by vermi-compost(70%) in 
Jatrophacurcas. Sudha and Seeni (1994), reported that direct transplanting of tissue 
culture raised plantlets of AdhatodabeddomeiXo nursery, resulted in mortality rate of 
more than 70%. On the other hand, hardening of plants in humidity chamber for 4 weeks 
prior to their transfer in the nursery, showed 95% survival rate in potting mixture of 
sand, top soil and cattle manure (1:1:1 ,v/v). 
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5.10 Synthetic seed 
Somatic embryos formed in vitro are coated (encapsulated) in a gel containing nutrients 
and other additives are designated as synthetic or artificial seeds (Demarly, 1986; 
Redenbaugh K et al., 1984). The encapsulation of in vitro derived axillary buds has been 
employed in recent years to develop synthetic seeds in many plant species like 
Eucalyptus grandis (Watt et al., lQQQi);Quercus species (Tsvetkov and Hausman, 2005); 
Morus species (Kavyashree, 2006); Citrus sinensis (Germana et al., 
201 l);Deca/ep/5/iamjtonn(Sharma and Shahzad, lQ\2);Cassia angustifolia (Parveen and 
Shahzad, 2014). 
In the present investigation, the potential of alginate encapsulated nodal explants of C 
equisetifoliafor propagation as well as effect of cold storage on conversion frequency 
and number of shoots were evaluated. An optimal concentration exchange between Na^ 
and Ca^ * producing firm, clear, isodiametric, beads was achieved using a 4% of sodium 
alginate upon complexion with 100 mM calcium chloride. 
Combination of BA (5.0 |AM) with NAA (0.5 jiM) was found suitable for in vitro 
conversion of encapsulated beads into young shootlets in C. equisetifolia . The young 
shoodets were best rooted on 2.5 \xM NAA and AC (250 mg/100 ml) added to full-
strength MS mediumafter 6 week of transfer. The present result is in accordance with the 
finding of Pattnaik andChand (2000); Kim and Park(2002);Saiprasadand Polisetty(2003). 
The percentage development of plantlets from encapsulated nodal segments 
decreased as the period of storage increased beyond 4 weeks. The decline in the 
conversion response observed in a s3Tithetic seed stored for a period of 5-6 weeks may be 
due to inhibited respiration of plant tissue by alginate or to a loss of moisture due to 
partial dessication during storage. » 
5.11 Physiological and biochemical study of acclimatized plantlets 
Upon transfer to natural conditions, micropropagated plants might fail to cope with the 
stressful situation because of sudden changes in environmental conditions, the latter 
resulting in physiological impairment leading to high mortality. Hence, a slow and 
gradual ex vitro transfer process is necessitated during the period in which a sustained 
acclimatization is effected to correct the physiological anomalies and deficiencies. 
During the period of stress alleviation, substantial changes in plants are expected to 
occur which would affect different physiological and biological parameters of in vitro 
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raised plants. The stress adaptation in plants is more accurately monitored by studying 
the behavior of photosystem II (PSII) because of its sensitivity to different stresses 
(Strasser and Tsimilli- Michael, 2001). PSII fluorescence changes in relation to the 
adaptation of/« v//A-o-grown plants to ex vitro conditions are yet to be properly reported. 
The results of these investigations demonstrated that significant changes in the 
photosynthetic and fluorescence parameters of the plants occurred as a response to the 
transplantation shock during adaptation under indoor environmental ambience as well as 
at the initial stage of transfer to the outdoor condition. A precocious ex vitro adaptation 
of plants inside the culture room could facilitate primary hardening of plants. 
It is known that, shortly after transplantation, plantlets show low photosynthetic 
capabilities and have to be kept under high humidity conditions to prevent water loss 
through stomata until they recover photosynthetic competence (Preece and Sutter, 1991; 
Kirdmanee et a!., 1996). Considering the importance of this step of acclimation, various 
physiological parameters, like chlorophyll and carotenoids contents and net 
photosynthetic rate was studied during the acclimatization period in the present study. 
The information generated herein could be useful for optimizing the key physiological 
parameters so that the in vz7ro-derived plants could face negligible mortality during due 
course of ex vitro acclimatization thereby rendering micropropagation more meaningful 
and profitable for a range of economically important plant groups. 
The chlorophyll (chl a, b & total) and carotenoids contents in C. 
equisetifoliadecveased initially during first week of transfer from in vitro to ex vitro 
conditions. After that steady increase in their contents was noticed. Similar trend was 
observed for chlorophyll content s in Tobacco by Kadlecekef al. (1998) where after an 
abrupt initial decrease of the chlorophyll a and b content during first week of 
transplantation, slow increase was witnessed. Decrease in chlorophyll and carotenoids 
contents during initial days of transplantation was accompanied by poorly developed 
chloroplast and disorganized grana (Siddique and Anis, 2008). After second week of 
transplantation a steep rise in chlorophyll content was observed which was associated 
with the formation of new leaves. Lu and Zhang (1998) and Sophere^ al. (1999) 
suggested loss of chlorophyll during acclimatization means that the leaves were damaged 
due to photo-inhibition. However, an increase in carotenoids level after second week of 
acclimatization specifies that plants sustained the light stress. Such an increase in 
carotenoids further reflects the functional response of photosynthetic apparatus to the 
different light environment, since the plant protective role of carotenoids against 
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photooxidative damage is well documented (Donnelly and Vidaver, 1984; Young, 
1991 ;Huylebroecke? a/.,2000). 
In biochemical studies of this plant soluble protein can be estimated at various stages of 
acclimatized plant and the content of protein first decrease and then increase gradually 
after second week of transfer in the field. This finding can be related with the other 
workers like, Devi et al. (2010), Joshi and Chaturvedi (2013), Reddy et al.(2013). 
5.12 Scanning electron microscopy study 
Scanning electron microscopic studies were undertaken to study the morphogenic change 
in explants tissue and mode of origin of shoot buds from mother explant under the effect 
of exogenous phytohormones during morphogenesis.The scanning electron micrographs 
of nodal explants shows the formation of multiple shoot buds in cluster form and these 
shoots buds originated from the axil of each scaly leaf which later transformed into well 
differentiated shoot bud. A heavy bunch of shoot bud was formed at early stage of shoot 
induction. Many workers also work on SEM studies of many plant species for finding 
out the pattem of shoot bud formation in early stage of regeneration such as 
Populusdeltoides (Yadav et al., 2009); Meliaazedarach (Vila et al., 
IWiSyMbizziaprocem (Kumar et al., \99S);Maranta, Dieffenbachia, Chrysanthemum, 
Spathiphyllum, and Gerbe (Sutter, 1989). 
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